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The industrial practise of treating silk with metallic salts in order to 
increase the covering power, weight, and fulness, or to change the dyeing 
properties came to be known as weighting because of the replacement of 
the weight (of from 16 to 29 per cent (44) of serecin) lost upon degum-
ming raw-silk. This term, weighting, often applied only to the inorganic 
additions to silk, has been defined ( 60) as "all materials other than fibroin 
present in finished silk arter it has been dried to c9nstant weight in air at 
110° Centigrade". 
The first weighting agents were iron salts; later, salts of lead, tin, 
bismuth, copper, barium, zinc, aluminum, manganese, magnesium, chro-
mium, antimony, tungsten, zirconium, and the rare earths were employed. 
Although the use of some of these salts was questionable because of toxicity, 
many increased the resistance of silk to flame, light, water, and micro-
organisms. However, weighting with compounds of tin, first extensively 
employed about 1870 in France and Germany, became the principal method 
when the tin-phosphate-silicate process was developed by Neuhaus (39) in 
1892. Silk weighted in this manner may at first have its mechanical prop-
erties slightly increased in value but upon ageing, particularly in the 
presence of light, acid, or salt, the mechanical properties of the silk fiber 
decrease in value and in extreme instances the fibrous structure is com-
pletely destroyed. The treatment of weighted silk with negative catalysts 
or with compounds of nitrogen or sulfur more readily oxidizable than silk 
fibroin, has proved of little value in the prevention or retardation of this 
deterioration. And yet because of its greater decorative value or its fre-
quently lower initial cost weighted silk is to be preferred to unweighted 
silk for certain uses. 
Although any study of weighted silk depends upon an accurate estima-
tion of weighting, the increase in weight of a silk by the weighting process 
is the only accurate method for the estimation of weighting at present. 
Weighting may be determined indirectly and approximately according 
to Serrell ( 49) and Testenoire ( 44) by counting the number of cocoon 
filaments and calculating the percentage of fibroin from the weight of one 
cocoon :filament. Measurements of the electrical conductance (9) and of 
the specific gravity (62, 63, 50, 7, 28) of weighted silks have proved of 
little use in the estimation of weighting. An x-ray method, suggested by 
Riche (44), was recommended by Tondani (61) as rapid and accurate 
within five per cent. Tondani prepared a photographic negative of the 
silk and compared it with standards prepared from silk of known amounts 
of weighting. 
Chemical methods for the estimation of weighting have proved better 
than the physical methods. The simplest of these are methods based upon 
a determination of the ash of weighted silk. The ash of silk fibroin prob-
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ably amounts to less than one per cent (6) although higher percentages 
have been reported for wild silks and for degummed silks which may have 
contained soap from the degumming bath. Table 1 lists percentages of 
ash reported for silk fibroin. 
TABLE 1. The ash of silk fibroir. 
Investigator 
Konigs (33) 
Weyl (67) 
Knecht, Bastow, and Appleyard (32) 
Wardle and Bell (65) 
Gnehm and Diirsteler ( 24) 
Suzuki, Yoshimura, and Inouye ( 59) 
Abderhalden and Spack (3) 
Abderhalden and Sington (2) 
Herzog and Jancke (30) 
Furry (13) 
Abderhalden and Heyns (1) 
Ash 
percentage 
0.77 
0.56 
0.23 
0.25 
0.20 
0.63 
1.67 
0.46 
1.59 
0.7 
2.22 
0.82 
Description of silk fibroin 
scoured silk 
Tussah fibroin 
boiled-off China tram 
Bombyx 'l1W'ri silk fibroin 
Indian Tussah 
Bengal silk fibroin 
degummed silk 
Tussah fibroin 
degummed silk fabric 
Tussah fibroin 
Konigs (33) and Cook (7) maintained there was no definite ratio 
between the amount of weighting in a weighted silk and the total ash. 
Cook obtained ratios ranging from 1.12 to 1.56 (the factors for metastannic 
acid and orthostannic acid from stannic oxide and for metastannic acid 
and orthostannic acid from tin, respectively, are 1.1195, 1.2391, 1.4214, and 
1.5731). Silbermann (51), Gianoli and Zappa (19), Sisley (54, 55), 
Ristenpart (47), and Weltzien (66) have, respectively, used the factors 
1.13, 1.27, 1.28, 1.4, and 1.2. 
The proximate analysis of weighted silk based on its nitrogen content 
was suggested by Sainte-Claire Deville in 1878. Moyret (36) determined 
the nitrogen of silk by Will and Varrentrap 's method. Later the Kjeldahl 
method in its various modifications was used ( 58, 53). In table 2 are listed 
percentages of nitrogen reported for silk fibroin. 
Various procedures were developed to remove from the silk all other 
nitrogenous substances. Persoz ( 41, 43) used soap solution and dilute 
alkali and Moyret (36), two or three baths of dilute sodium carbonate at 
80°C. alternating with baths of very dilute hydrochloric acid. Silbermann 
( 51) observed that boiling water and baths of 2 per cent sodium hydroxide 
and 2.5 per cent hydrochloric acid dissolved part of the fibroin. Steiger 
and Grunberg ( 581) prepared light-colored silks for analysis by boiling 
these for two hours in a 2.5 to 3.0 per cent solution of soap followed by 
boiling one per cent sodium hydroxide. For iron-weighted silks they used 
six treatments with 5 per cent hydrochloric acid at 60°C. followed by boil-
ing 0.5 per cent sodium hydroxide for 30 minutes and boiling 2.5 or 3.0 
per cent soap solution for an hour. Gnehm and Schwartz (25) showed 
that fibroin decreased quite appreciably in weight and in nitrogen when 
treated with 5 per cent hydrochloric acid. Gnehm and Blumer (23) ex-
tracted iron-weighted silks with one per cent hydrochloric acid at 60°C. 
until colorless, washed and treated the residue several times with 2 per 
cent sodium carbonate at 80°C., then with boiling 2.5 per cent soap solu-
tion for an hour and a half, and finally washed, dried, and eonditioned 
the sample. Sisley (55) recommended as a stripping procedure a hath of 
25 per cent acetic acid followed by 3 per cent disodium phosphate, and 
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:finally by soap and sodium carbonate solutions. Steiger (57) later re-
ported the effectiveness of 0.2 per cent hydrochloric acid as a ~tripping 
agent and Gianoli (15, 17) recommended a solution !:! pet' cent ~odium 
hydroxide and 4.5 per cent glucose at 50°C. for ten minutes. 
The chief objections to the method of proximate analysis have been 
the necessity of removing other nitrogenous substances, the time required 
for the analysis, and in some instances the difficulty of carrying out t.he 
analysis in a technical laboratory. However, this method is considered the 
most accurate for estimation of the fibroin of weighted silk. 
Several procedures have been elaborated for the indirect estimation 
of weighting by removal methods. The first removal methods were used 
for iron-weighted silks. Persoz ( 41) recommended prolonged boiling with 
potassium acid oxalate or repeated treatments with dilute oxalic ar.id 
alternating with dilute sodium carbonate. Muller (38) used saturated 
oxalic acid at room temperature but this was found unsatisfactory by 
Gnehm and Dursteler (24) who employed 3 to 5 per cent oxalic acid and 
2 per cent sodium carbonate. Persoz ( 41) also recommended repeated 
treatment with dilute hydrochloric acid alternating with sodinm carbonate. 
Martinon ( 44) used 1: 3 hydrochloric acid and 2.5 per cent sodium hydrox-
ide. Ristenpart ( 46, 47) noted that 10 per cent hydrochloric acid removed 
only the inorganic weighting and suggested that an alkali, preferably N 
potassium hydroxide, be used to dissolve the organic finishing substances. 
Heermann (27, 29) considered this treatment too :3evere for the silk and 
advised instead the use of equal volumes of glycerol and N potassium 
hydroxide at 80°C. Another procedure developed by Persoz ( 44) was the 
use of a warm bath of dilute ammonium hydroxide followed by alternate 
baths of 1: 3 hydrochloric acid and 2.5 per cent sodium hydroxide at room 
TABLE 2. The total nitrogen of silk fibroin 
Investigator 
Mulder (37) 
Stii.deler (56) 
Cramer (8) 
Bolley and Schoch ( 4) 
Schiitzenberger and Bourgeois (48) 
Moyret (36) 
Persoz (42) 
Weyl (67) 
Knecht, Bastow, and Appleyard (32) 
Vignolli (64) 
Filsinger ( 11) 
Steiger and Griinberg (58) 
Gerhardt (55) 
Sisley (55) 
Suzuki, Yoshimura, and Inouye ( 59) 
Brigl and Held (5) 
Furry (13) 
Forbes and Mack (lZ) 
Abderhalden and Heyns (1) 
Jones (31) 
Ongaro (40) 
Nitrogen 
percentage 
17.60 
18.66, 18.69, 19.33 
18.21, 18.36, 18.40 
18.50, 18. 78, 19.40 
18.7 
17.6 
18.0 
17.63, 17.87 
16.80, 16.90 
19.2 
14.34, 14.45 
16.00, 16.45 
18.30, 18.35 
17.35 
18.38 
18.98 
18.87 
17.73 
16.73 
19.20 
18.46 
18.68 
17.57 
18.00 
15.89 
Description of silk fibroin 
at 10 per cent humidity 
air-dry 
Tussah fibroin 
Tussah 
mulberry 
Bombyx mori 
Sakusan 
Yamamai 
Kuriwata 
degummed silk fabric 
degummed silk fabric 
'Tussah fibroin 
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temperature. .Alkaline sulfides were added to the alkaline baths, the silk 
was rinsed after each bath, and the procedure was repeated until the ex-
tracts were nearly colorless when the residues were treated with 1: 3 hydro-
gen peroxide at 60°0., washed, heated for 15 minutes at 60°0. in very dilute 
hydrochloric acid, rinsed, and dried. Gnehm and Dursteier (24) placed 
a sample of one gram in hot one per cent hydrochloric acid through ''hich 
hyd_rogen sulfide was passed for 30 minutes at from 70° to StYC. The silk 
was then washed three times in cold water, immersed in 4 per cent sodium 
hydrogen sulfide for 5 minutes at 40° to 50"C. and for 15 minutes in 2 
per cent sodium carbonate at 60° to 70°0., and after half an hour in hot 
water the residue was dried and weighed. 
In 1903 removal methods especially developed for tin-phosphate-silicate 
weighting were published by Gnehm and Weber (22, 26), Muller (38), and 
Zell (68). Gnehm and Weber used 2 per cent hydrofluoric acid for one 
hour at room temperature and obtained less than one per cent loss in 
weight of the fibroin and a residue of between 0.6 and 1.29 per cent ash. 
Milller employed dilute hydrofluoric acid, 0.4 or 1.0 per cent, at room tem-
perature and Ris ( 45) showed that the residual ash was less than 0.3 per 
cent by this method. Zell made use of 1.5 per cent hydrofluoric acid at 
from 50° to 60°0. for about 20 minutes. Gnehm and Dursteler showed 
that two extractions for 15 minutes each with one per cent hydrofluoric acid 
were enough to decrease the r esidual ash to 0.08 per cent. Ristenpart ( 46) 
reported the use of 10 per cent hydrofluoric acid for an hour. Gianoli 
(14, 18, 55) showed that upon treatment with one per cent hydrofluoric 
acid for 20 minutes at from 50° to 60°0. the residual ash varied as the 
amount of weighting and later (16) that this method was reliable only 
for tin-weighting fixed with sodium silicate. Farrell and Goldsmith (10) 
reported that r epeated treatments with hydroftuoric acid and sodium car-
bonate affected the :fibroin although silk boiled three times with sodium 
carbonate suffered no loss of nitrogen. Beermann and Frederking (29) 
observed that boiling 2 per cent hydrofluoric acid dissolved 0.2, 0.8, and 
1.8 per cent of fibroin in 15, 30, and 60 minutes respectively. Cook (7) 
found that fibroin was attacked by 2 per cent hydrofluoric acid in 5 minutes 
boiling as recommended by Matthews (35). Weltzien (66 ) used 7 per cent 
hydrofluoric acid at room temperature according to Stussi. 
Hydrofluosilicic acid was recommended as a substitute for hydro-
fluoric acid (20) but was later (26) shown about twice as destructive and 
to remove (21) only about 20 to 65 per cent of the weighting. 
The methods for the determination of weighting developed by the 
Bureau of Standards ( 60) are as follows: 
"IV. Tin Phosphate Silicate Weighted Silk.-1. The sample is dried 
to constant weight in an air oven at 100°0. This is called weight A. 
2. The dried sample is soaked in 100 times its weight of distilled water 
at 65 ° C. for 20 minutes. It is moved about in the water every few minutes 
during this time in. order to insure thorough penetration of water and 
extraction of water-soluble materials. It is then rinsed in a fresh portion 
of distilled water, then in alcohol, and finally in ether, after which it is 
dried to constant weight as above. (Two 25 cc. portions of alcohol and 
of ether are usually sufficient.) This is called weight B. 
Weight .A - weight B X 100/ weight A= finishing materials in per cent 
3. The sample from which "finishing material " has been removed 
is soaked in 100 times its weight of 2 per cent hydrofluoric acid solution 
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at 65°C. for 20 minutes. It is then rinsed in water and treated in 100 times 
its weight of 2 per cent sodium carbonate solution at 65°C. for 20 minutes. 
It is then rinsed in water, in alcohol, and in ether and dried to constant 
weight as before. This is called weight C. 
4. The sample is then ashed and the ash weighed, weight D. This 
ash should not weigh more than one-tenth of the difference between weight 
B and weight C. If the silk contains a considerable amount of weighting, 
the treatment given in (3) above should be repeated with fresh solutions 
before the sample is ashed in order to obtain a low ash. A few threads of 
the silk treated along with the sample and ashed will show the operator 
whether the weighting has been removed in (3) or if the treatment must 
be repeated. 
5. Weight A - weight C +weighted DX 100 =weighting in per cent. 
Weight A 
"V. Tin Phosphate Weighted Silk.-1. The procedure for silk which 
does not contain silicate is the same as that given in Section IV above, ex-
cept that the following will be substituted for paragraph 3 : The sample 
from which finishing material has been removed is soaked in 100 times its 
weight of 4 per cent hydrochloric acid solution at 55°C. for 20 minutes. 
This is repeated with a fresh solution. The sample is then rinsed in water 
and soaked in 100 times its weight of 10 per cent sodium carbonate solution 
at 55°C. for 20 minutes. It is then rinsed in water and the hydrochloric 
acid treatment repeated. The sample is again rinsed in water, then in 
alcohol and in ether, and dried to constant weight as before. This is called 
weight C. 
"VI. Logwood Black Weighted Silk and Silk Weighted with Lead, 
Zinc or Aluminum Salts.-L If silicate is present, the procedure is the same 
as that given in Section IV, except that the treatment with hydrofluoric 
acid is preceded by a treatment with 100 times the weight of the sample 
of 4 per cent hydrochloric acid solution at 55°C. for 20 minutes repeated 
once with a fresh portion of the solution. 
2. If silicate is not present, the procedure is the same as that given 
in Section V." 
EXPERIMENTAL 
The silks studied were plain-weave constructions of degummed silk, 
white tin-phosphate-weighted silk, and white tin-phosphate-silicate-weighted 
silk. The tin-phosphate-weighted silk was treated according to the Bureau 
of Standards (60) method V, the tin-phosphate-silicate-weighted silk ac-
cording to method IV, and the degummed silk according to each of these 
methods (the procedure in paragraph 4 was carried out but once). Samples 
were dried to constant weight at 105° to 110°C. and weighings were made 
with tares. The solutions were brought to the required temperatures in 
Erlenmeyer flasks (500 cc.) before the silks were introduced. The tem-
peratures were maintained at 55° or 65°C. ( + 0.1°C.) in a DeKhotinsky 
water bath. After each treatment the samples were dried to constant 
weight; a number were ashed to constant weight in an electric furnace at 
dull red heat and a number were analyzed for nitrogen by the Kjeldahl 
method. The data are given in tables 3, 4, and 5. 
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TABLE 3. Unweiighted silk 
Residue Residue I from from 
Residue treatment treatment 
from with hy- with hy- Nitrogen Ash of 
treatment drofl.uorie drochloric of last last 
Sample Weight with water acid acid residue residue 
number grams percentage percentage percentage 
percent-
percentage age of 
of sample sample 
-
1 3.6633 18.50 
2 3.8388 18.50 
3 3.6435 18.54 
4 3.6126 18.55 
average 18.52 
5 5.0357 0.33 
6 4.8644 0.34 
7 4.9125 0.35 
8 4.5540 0.36 
average 0.35 
9 2.8865 99.74 18.40 
10 2.5169 100.10 18.51 
11 3.4559 99.73 18.55 
12 3.4030 99.75 18.59 
average 18.51 
13 3.4498 99.70 100.16 18.40 
14 3.4823 99.80 99.65 18.45 
15 3.6558 99.83 100.04 18.54 
16 3.4080 99.72 99.76 18.62 
average 99.90 18.50 
17 3.5845 99.23 98.34 18.39 
18 3.6805 99.61 98.10 18.49 
19 3.7786 99.72 98.70 18.54 
2{) 3.6498 99.59 98.63 18.59 
vera 1 98.44 18.50 a ge 99.7 
TABLE 4. Tin-phosphate-weighted silk 
Residue 
from 
Residue treatment 
from with hy- Nitrogen 
treatment drofl.uorie of last Ash of 
Sample Weight with water acid residue last residue 
percentage percentage 
number grams percentage percentage of sample of sample 
1 5.4012 10.95 
2 5.1802 10.97 
3 5.3562 11.04 
4 5.2996 11.13 
average 11.02 
5 5.6383 35.71 
6 5.1032 35.80 
7 5.5072 35.89 
8 5.1282 35.96 
average 35.84 
9 3.9040 97.84 10.57 
10 3.8719 98.01 10.62 
11 4:0111 97.86 10.68 
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TABLE 4. (Continued) 
12 4.0410 97.92 10.70 
average 10.64 
13 4.0589 97.91 34.62 
14 3.9096 98.04 34.70 
15 4.0039 98.02 34.82 
16 4.1374 98.18 34.84 
average 34.75 
17 3.9059 98.47 60.33 lo.48 
18 4.0208 97.74 60.72 10.64 
19 3.9116 98.32 61.39 10.74 
20 4.0758 98.26 60.83 10.77 
average 10.66 
21 4.1024 98.37 60.39 2.43 
22 3.8974 98.13 60.62 2.55 
23 4.0810 98.33 60.94 2.69 
24 4.1012 98.37 61.11 2.69 
average 98.11 60.79 2.59 
TABLE 5. Tin-phosphate-silicate-weighted 8Uk 
Residue 
from 
Residue treatment 
from with hy- Nitrogen 
treatment drofiuoric of last Ash of 
Sample Weight with water acid residue last residue 
-----
percentage percentage 
number grams percentage percentage of sample of sample 
- -----
------
1 6.1668 7.71 
2 6.6531 7.74 
3 6.4120 7.75 
4 6.4472 7.78 
average 7.75 
5 6.2971 46.74 
6 6.0796 46.83 
7 6.3658 46.94 
8 6.0800 46.99 
average 46.88 
9 4.3225 91.78 7.54 
10 4.1443 91.51 7.55 
11 4.0375 91.90 7.58 
12 4.2473 91.94 7.58 
average 7.56 
13 4.1640 92.37 45.43 
14 4.0681 92.25 45.46 
15 4.0669 92.13 45.50 
16 4.1133 92.34 45.53 
average 45.48 
17 4.4482 92.15 44.11 7.50 
18 4.5013 91.95 44.31 7.53 
19 4.3047 92.42 43.79 7.56 
20 4.1360 91.20 44.79 7.57 
average 7.54 
21 4.1618 92.01 45.15 0.27 
22 4.1365 91.77 44.82 0.28 
23 4.4311 91.62 44.56 0.30 
24 4.2158 92.02 44.29 0.30 
average 91.96 44.47 0.29 
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The percentages of fibroin calculated from the nitrogen, the ash, and 
by the removal methods are given in table 6. 
TABLE 6. Percentage of fibroin in weighted sillcs 
Basis of cafoulation 
Removal Ash x 
Silk Nitrogen methods Ash 1.1195 
- -- --- - --
Tin-phosphate-weighted 59.51 58.20 64.51 60.27 
(before treatment with water) 
Tin-phosphate-weighted 57.46 
(after treatment with water) 
Tin-phosphate-silicated-weighted 41.85 44.18 53.47 47.91 
(before treatment with water) 
Tin-phosphate-silicate-weighted 40.82 
(after treatment with water) 
If fibroin is the source of the nitrogen lost by the weighted silks upon 
treatment with water, it would seem that weighting makes the fibroin less 
stable to water and there arises the question of the loss of nitrogen in wet 
finishing processes for weighted silks. 
SUMMARY 
1. The steps in the procedures of the standard methods for the removal 
of weighting from tin-phosphate-weighted silk and from tin-phosphate-
silicate-weighted silk have been followed by determinations of weight, nitro-
gen, and ash. 
2. The weighted silks were found to lose an appreciable amount of nitro-
gen when treated with water at 65°C. for 20 minutes but no nitrogen by 
the acid and alkaline treatments. 
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TECHNIQUE FOR THE GROWTH OF LEMNA UNDER STERILE 
CONDITIONS WITH CONTROLLED TEMPERATURE AND LIGHT 
NORMAN ASHWELL CLARK 
From the Department of Chemistry, Iowa State College 
Accepted for publication July 30, 1932 
The successful growth of Lemna under sterile conditions was announced 
at the Des Moines meeting of the American Association for the Advance-
ment of Science in December 1929. It was reported in Science1 and the 
details were published2 in 1931. Sterilization of Lemna major was also 
reported later by Saeger,3 and of Lemna minor by Hopkins.4 
The technique developed at Iowa State College for the transfer of the 
plants has been very successful. During the past year subcultures were 
made on 15 to 30 fl.asks, twice a week, with but a single contamination. 
The plants are grown in 100 cc. culture media contained in 250 cc. 
Pyrex Erlenmeyer flasks. The mouth of the fl.ask is closed with the usual 
cotton stopper, the lower part of which is wrapped with cheesecloth to 
prevent unwinding. Such stoppers are usable until the top is burned 
almost to the glass. 
The transfer clw.mber. In order to subculture, or to place all the plants 
in fresh medium, use is made of a small chamber of galvanized iron, two 
by one and one-half feet by two and one-third feet high-figure 1. The 
top two thirds of the front wall is made of glass and below the glass two 
circular holes are cut for the hands for manipulation. These holes, suf-
ficiently large to admit an Erlenmeyer flask, are closed with hinged discs 
when the chamber is not in use. In the right corner at the rear there is 
a recess in which stands a Bunsen burner with pilot light-the burner 
being outside the chamber with the tip protruding through a small hole 
in the top of the recess. An extension handle through the wall enables 
the flame to be turned off except at the time of flaming the flasks; the pilot 
light only burning continuously during the changing. This method keeps 
the chamber much cooler than it would be with the full flame. A copper 
chimney is provided, with an inlet from the outside for draught about half 
way up. There is ample room between the top of the burner and the bottom 
of the chimney to flame flasks. 
In the center of the roof a closed copper tube is inserted. This has 
pinholes on the circumference through which sterile air can be forced. 
Compressed air is first passed through a red hot coil of copper and then 
through a similar coil which is water cooled. The air is further :filtered 
through a large flask filled with cotton wool and led to the tube in the roof. 
Before starting the first change the whole of the flask, coils etc., are sterilized 
1 Clark, Norman. "Auximones" and the stimulation of Lemna by organic matter. 
(1930) Science 71: 268-9. 
2 ClaTk, Norman and Roller, E M. The stimulation of Lemna major by organic 
matter under sterile and non-sterile conditions, (1931) Soil Sci. 31: 299-309. 
a Saeger, A. A method of obtaining pure cultures of Spirodela polyrhiza. (1930) 
Bul. Torrey Bot. Club. 57: 117-122. 
4 Hopkins, E F. Manganese and the growth of Lemna minor. 1931. Science 7 4: 
551-2. 
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half an hour in steam at 20 lbs. pressure; this needs occasional repetition. 
A constant stream of sterile air is thus passing from the top downwards. 
Agar plates exposed one minute at the beginning and in the middle of a 
series of changes showed no bacterial or mold colonies. 
Before the changing is started a fine fog of saturated phenol solution 
is sprayed from an atomizer through one of the holes in the front, and 
this is allowed to settle for about two hours. The atomizer was made from 
a liter Erlenmeyer as shown in figure 2, and is run by compressed air. 
I!. 
Qc cQ 
Fig. 1. TRANSFER CHAMBER: A sterile 
air; B glass front; C openings for hands; 
D chimney; E recess and burner; L light. 
F ""'-
01. t. 0 
-
I rs ]) JI'"" I 
LB A 
Fig. 3. GROWTH CHAMBER: .A air en· 
trance; B water bath with heating coils; C 
Cooling coils for chamber; D wire gauze; 
F .fan; LL lights; M motor, S stirrer. 
After the sterile air has run through the chamber for a few minutes 
the arms and hands of the operator are dampened with a wet towel; the 
flasks, also dampened, are passed through the holes in the front and placed 
in a mold of plaster of Paris so fashioned that the flasks are in a partly 
reclining position, but with the solution not touching the stopper. The 
stoppers are flamed and put out by covering with a 50 cc. beaker, the flask~ 
replaced in the molds and the stoppers removed by the left hand. The right 
hand flames a bent platinum wire with glass handle, and the transfer is 
made. It is convenient to have a hook on the right side of the chamber on 
which to hang the platinum wire. Transfers can be made at the rate of 
one flask every two minutes. 
The growth chaimber. The plants are grown in a double walled wooden 
chamber four and one-half by three feet by five and one-fourth high (fig. 
3) containing a water bath (with cooling and heating coils) which is placed 
about half way from the bottom. Below the bath is a series of pipes through 
which cold water is run. Air is drawn around these pipes and over the 
bath by an exhaust fan near the top of the chamber. 'l'his gives a constant 
supply of cold air, and is used instead of water cooling the lights. There 
are four lamps, 300 watt, in the roof, so spaced as to give a very uniform 
illumination at the bath surface. The walls and roof of the chamber are 
painted white, the bottom of the bath is black. 
The water bath is six inches deep, with a wire gauze half way from 
the bottom; below the gauze are the heating coils, the cooling coils through 
which cold water is turned automatically, and a stirrer. The flasks rest 
on the gauze with the water at the same level as the solution inside the 
flasks. 
As the lights are burning about 15 hours a day only, there is a some-
what wide variation in temperature to be controlled. To keep to -+- 0.5°C. 
a small ether-mercury control has been found satisfactory. This control 
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cuts off the heating elements (and the fan during the time the lights are 
off) and at the same time turns on the water. The variation is usually not 
much greater than 0.2° on a Beckman thermometer. 
The ether-mercury control (fig. 4) is a small bore glass tube with a 
bulb blown at one end. The bulb is partly filled with ether and mercury 
and a platinum contact is sealed through the side. At the open end a 
tungsten wire contact is inserted; this can be raised or lowered as required 
and is kept in place by a screw at the top.5 
Fig. 4. ETHER-MERCURY 
CONTACT: A vapor; B 
ether; C mercury. 
Fig. 2. PHENOL SPRAY: A 
capillary tube; B compressed 
air entrance; C screw clamp 
to regulate pressure; T T-
tubes. 
~ .\\ 
I 
A 
w f> 
Fig.6. WATER CUT-OFF: A 
large glass tube ; B to coils 
in water bath; D iron disc; 
I inlet for water; M mag-
net; 8 stopper ; W to waste. 
The contact (Cu fig. 5) is connected with a current from an American 
Instrument Co. rectifying transformer (r.t., fig. 5) and to a midget relay 
(M.R.) of the Struthers Dunn Co. which operates on two watts (6 volts). 
This gives a very small spark at the contact C1 and causes little fouling 
at the mercury surface. When the mercury rises and contact is made the 
midget relay closes a second circuit from the 110 volts A.C. line through 
a 75 watt carbon lamp. This second circuit excites the magnet in a Stru-
thers Dunn Co. relay with tilting mercury content (R1 ) which cuts off the 
main heating current. The fan (F) is also on this main current during 
the time the lights are off; the cold air is thus drawn over the bath only 
when it is heating. 
The main circuit, on which are the bath heating coils (H), operates 
a bell transformer (B) which is connected with a coil and magnet. The 
magnet acts on an iron disc fastened to a movable tube in which is running 
water (fig. 6). When the bath is heating the tube is pulled to one side 
and the water goes to waste. As the current is cut off the heating circuit 
and leaves the magnet (M), the tube moves back, sending the water through 
the cooling coils in the bath. If the electricity should fail the water would 
keep the temperature low by flowing through the cooling coils. A further 
precaution is a second ether-mercury control (C2 ) connected directly with 
a mercury relay (R2 ) placed in the heating circuit. Ordinarily this mer-
cury r elay is down and the current flows, regulated by the midget relay 
and the first main mercury relay (R1 ); if the temperature rises through 
s Ostwald-Luther. Physico-Chemische Messungen. Af. 3. Leipzig p. 111. 
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Fig. 5. WIRING FOR GROWTH CHAMBER: B Bell transformer; C, contact in bath 25°; c. 
contact in bath 27°; F fan; H Heaters in water bath; L Lamps 75 watts ; M motor for 
stirrer; MR midget r elay; m magnet for water; R,R, mercury contact relays; r.t. rec-
tifying trans.former; S, switch, closed when lights on; S, switch, closed when lights off. 
some failure in the main circuit, the second control functions at about 
27°0. causing the mercury relay (R2 ) to break the current. Up to the 
present this relay has not been called upon to function. A low temperature, 
while it might spoil the experiment, would not kill the plants, while a high 
temperature would destroy them and sterilization would have to be started 
over again. 
Although this chamber js not altogether automatic, it requires com-
paratively little attention. The lights are switched on (with the fan) in 
the evening and allowed to run until morning. The water in the bath is 
made up at that time as a certain amount is lost by evaporation. 
Investigations are in progress on the growth of Lemna with reference 
to the effect of manganese, of iron and of organic matter, including Humic 
acids. 
SUM.MARY 
1. The technique employed for the transfer of Lemna under sterile con· 
ditions is given. 
2. The growth chamber, with light and temperature controlled, and the 
necessary wiring are described. 
,,· . 
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THE PARTITION OF THE CONSTITUENTS OF THE CORNSTALK 
BY THE ACTION OF ALKALI 
C. J. PETERSON, E. H. C. FANG A1'"'D R. M. HIXON 
From the Department of Chemistry, Iowa State College 
Accepted for publication September 12, 1932 
In a preceding publication (1), analytical data was presented to show 
that the mature cornstalk consisted mainly of the three classes of com-
pounds: pentosan bodies, lignin bodies and cellulose. The industrial pro-
cess for pulping the cornstalk (2), like the industrial processes for the 
other grasses, is of the alkali type. In this process, the pentosan and lignin 
.bodies removed by the caustic are sacrificed for the more valuable alkali 
used in the treatment. The following study reports the partition of the 
three predominant classes of compounds of the cornstalk under alkali treat-
ment; the object of the study being to obtain data bearing on the feasibility 
of the fermentation of the pentosans in the alkali liquor. 
SEPARATION OF TISSUE 
The material used in these studies consisted of the two distinct types 
of structural tissue in the cornstalk; the pith (parenchymatous tissue), and 
the outer shell together with the fibrovascular bundles from the central 
portions of the stalk. These tissues were separated by first chopping the 
stalk, freed from leaves and dirt, in a Wiley mill without screens. When 
the mill is run at low speed (240 r.p.m.), this will break the stalks into 
pieces one to two inches in length and crush· the outer shell of all pieces. 
The cubical pith cells are then screened from the fibrovascular bundles 
and outer shell by the use of a wash roll in an ordinary beating engine; 
the beater roll being set with at least one-fourth inch clearance and the 
wash roll being covered with a 10 mesh screen. Concentration of wash 
water and prevention of water waste can be obtained by returning the 
water from the wash roll to the beater after filtering out the pith by means 
of 60 mesh screen.1 The separation is completed in about 45 minutes with 
the experimental apparatus used in this laboratory. The average of seven 
such separations gave the following results: 
Pith material 
Fibrous material 
Water soluble material 
Loss (by diff.) 
26 per cent 
63 per cent 
9.0 per cent 
2.0 per cent 
It should be emphasized that the separation of these tissues is made with-
out chemical treatment of the stalk, and (while a Hollander is used in the 
separation) that the tissue is not "beaten" in the usual sense of the word. 
Many other kinds of washing machines could be developed for the same 
purpose, the fundamentals involved being merely the rubbing out of the 
soft pith and the separation of these cubical cells from the more fibrous 
and resistant tissue. This separation, if used commercially, would take 
1 A patent covering the essentials of this apparatus has been issued to Kumagama 
and Shimomura, B. P. 299740, Chem. Abs. 29, 3574, 1929. 
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the place of the hot water washing shown in the flow-sheet for the com-
mercial preparation of paper from cornstalks (2). 
PULPING OF TISSUE 
The chemical treatment reported for the two tissues of the cornstalk 
consists essentially of the de Vains process. The literature regarding the 
de Vains process is limited primarily to patents2 and to descriptions of 
plant operation (3). Mutti and Venturi (4) report an analytical study 
of the process on straw. A number of studies have been made in the 
Chemical Engineering Department of Iowa State College on the applica-
tion of this process to the production of cellulose from the cornstalk ( 5). 
The de V ains process consists of three distinct steps : 
1. Preliminary treatment with dilute alkali to partially delignify the 
tissues. 
2. Chlorination of the pulp from the alkali treatment to convert the 
residual lignin into soluble compounds. 
3. Extraction of the chlorinated lignins with either sodium sulfite or 
caustic solutions. 
It was expected that each of these treatments would cause sufficient chemical 
change that a three dimensional diagram would be necessary to portray 
the results graphically. Accordingly, three variations in each treatment 
were made giving a total of twenty-seven samples for the study. The ex-
pected variation in the second and third treatments was not found, the 
greater portion of the chemical change taking place in the first treatment 
with dilute caustic. While the second and third treatment caused little 
chemical change, they did cause considerable change in the ease of bleach-
ing of the pulp. 
In applying these treatments to the cornstalk tissues, quantitative pro-
cedures were followed throughout rather than pulping processes. The 
tissue, excepting the pith, was ground to pass a 60 mesh screen. The ma-
terial used had a moisture content of 5.63 per cent on an oven-dry basis 
of 105 degrees. The dry tissue ran 1.44 per cent ash. All results reported 
are on the oven-dry basis. 
In the study of the pulping of the fibrous material, twenty-seven sam-
ples of twenty-five grams each were weighed out to give three variable 
treatments of each of the three steps in the procedure. These samples were 
then grouped as shown in table 1 to give all the possible combinations of: 
1. Alkali treatment with concentrations of 0.5, 1.0 and 2.0 volume per cent 
sodium hydroxide. 
2 de Vains 
U. S. Patent 
U. S. Patent 
U. S. Patent 
U. S. Patent 
British Patent 
British Patent 
British Patent 
British Patent 
British Patent 
1,106,994 
1,500,060 
1,556,497 
1,593,487 
189,561 
197,329 
198,975 
201,488 
208,551 
TABLE 1. Results of 1!ari&us treatments on fibr<YUS material 
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-0.51250 15 1.0 14.64 1.58 1.53 0.15 2.38 - 18.551 - 72.21 0.25 22.25 13.62 I 52.00 I 90. 75 I -1 99.95 2 0.5 250 15 2.0 14.64 1.58 1.53 0.15 4.01 - 20.18 - 71:0 0.29 21.12 13.47 50.32 91.18 - 100.38 
3 0.5 250 15 4.0 14.64 1.58 1.53 0.15 6.68 - 23.85 I - 68.4 0.25 19.51 12.86 47.87 92.25 - 101.45 
4 0.5 250 30 1.0 14.64 1.58 1.77 0.16 2.39 0.71 18.80 2.45 68.0 0.32 18.90 11.19 49.38 86.8-0 21.35 96.00 
5 0.5 250 30 2.0 14.64 1.58 1.77 0.16 2.26 0.75 18.67 2.49 66.5 0.26 18.41 10.79 47.45 85.17 20.90 94.37 
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18 1.0 250 60 4.0 24.75 3.61 1.64 0.30 2.58 0.84 28.97 4.75 54.8 0.18 16.50 2.84 38.30 83.77 21.25 92.97 
19 2.0 250 15 1.0 30.20 7.53 1.20 0.12 3.42 0.44 34.82 8.09 53.2 0.21 15.25 3.02 37.00 88.02 23.34 97.22 
20 2.0 250 15 2.0 30.20 7.53 1.20 0.12 2.82 0.39 34.22 8.04 55.1 0.16 15.30 3.18 41.00 89.32 23.34 98.52 
21 2.0 I 250 15 4.0 30.20 7.53 1.20 0.12 2.20 0.30 33.60 7.95 57.5 0.14 18.30 3.54 43.75 91.10 26.25 100.30 
22 2.0 I 250 30 1.0 30.20 7.53 1.46 0.20 2.11 0.67 33.77 8.40 52.8 0.14 14.60 2.26 38.90 86.58 23.00 95.78 
23 2.0 250 30 2.0 30.20 7.53 1.46 0.20 1.78 0.60 33.44 8.33 51.8 0.15 14.39 2.16 38.20 85.24 22.72 94.44 
24 2.0 2'50 30 4.0 30.20 7.53 1.46 0.20 2.73 0.63 34.39 8.36 51.8 0.17 14.07 2.18 37.60 86.19 22.43 95.39 
25 2.0 250 60 1.0 30.20 7.53 1.84 -0.17 2.22 0.92 34.26 8.62 52.1 0.27 14.82 2.53 37.85 86.36 23.44 95.56 
26 2.0 250 60 2.0 30.20 7.53 1.84 0.17 1.97 0.78 34.01 8.48 51.9 0.25 14.38 2.36 38.90 85.91 23.86 95.11 
27 2.0 25-0 60 4.0 30.20 7.53 1.84 0.17 1.44 0.73 33.48 8.43 50.9 0.25 13.70 2.39 38.28 84.38 I 22.13 93.58 
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Fig. 1. Diagram of partition of fibrous material with various treatments from 
data of table 1. 
2. Chlorination with chlorine gas at a constant rate of 100 cc. per minute 
for 15, 30 and 60 minutes. 
3. Treatment with 1, 2 and 4 per cent sodium sulfite. 
The exact pulping procedure is given in detail below. The results are 
tabulated in table 1 and are shown graphically in figure 1. 
The results for the pulping of the pith are tabulated in table 2. The 
pulping of the pith was carried out in exactly the same manner as the pulp-
ing of the fibrous material except 750 cc. caustic solution were used for 
each 25 grams of tissue. This increase in volume of caustic is necessitated 
by the bulky nature of the pith. 
LABORATORY PROCEDURE 
Twenty-five gram samples were used, the smallest volume of sodium 
hydroxide of the indicated concentration sufficient to cover the sample was 
TABLE 2. Effect of causUc concentration on pith p'lilping 
45 0.1 I 750 30 2.0 67.8 
I 46 0.2 750 30 2.0 60.-0 47 0.3 750 30 2.0 58.8 
37 0.5 750 30 2.0 25.75 5.22 2.86 0.52 2.58 0.99 31.19 6.73 57.2 0.54 14.50 4.78 41.55 I 88.39 21.23 97.59 
38 1.0 750 30 2.0 29.00 6.78 2.56 0.27 2.64 1.07 34.20 8.12 53.3 0.43 12.48 3.82 38.75 87.50 20.60 96.70 
39 2.0 750 30 2.0 33.00 9.23 2.29 0.20 2.92 1.22 38.21 11.15 48.9 0.37 3.40 2.97 35.6{) l 86.11 20.55 95.31 
TABLE' 3·. Destructiml, of pentosan by cooking 
TREATMENT 
Pressure I Pentosan Pentosan Pentosan Pentosan Sample Cone. NaOHI Vol. NaOH I of cook Time of in found after decomposed decomposed No. percentage cc. in lbs. cook min. sample cook gms. gms. percentages 
1 
I 
1.0 
I 
50 
I 
35 
I 
30 
I 
0.3502 0.3223 
I 
0.0279 
I 
7.95 
2 2.0 50 35 30 0.3500 0.3147 0.0353 10.10 
3 3.0 50 35 30 0.3511 0.2918 0.0593 16.90 
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added ( 250 cc. for the fibrous material, 750 cc. for the pith). The beaker 
was brought to boiling on an electric hot plate at a constant rate and held 
at the boiling temperature for thirty minutes, the volume being kept con-
stant by the addition of water. The hot alkaline extract was filtered from 
the tissue by suction through a cloth filter, the tissue was washed until the 
washings coming through were colorless. An aliquot of the combined liquor 
and washings was taken for pentosan determination by furfural distillation 
and another aliquot was taken for the determination of total org11nic matter 
extracted from the stalk, the latter being made by evaporating the solution 
at 110 degrees and burning out the organic matter. 
The tissue after washing was transferred with 400 cc. of water and 
stirred until uniformly distributed. The tissue was then subjected to the 
action of chlorine gas for the indicated time, the rate of chlorination being 
controlled by a flowmeter delivering the gas stream. After chlorination, the 
liquor was filtered off and the tissue washed until the washings were free 
from chlorine. Aliquots of the combined liquor and washings were run 
for pentosan and total organic matter removed from the stalk. 
The tissue was finally treated with 500 cc. of sodium sulfite solution 
of the indicated strength, the suspension brought to boiling and boiled for 
five minutes. The hot sodium sulfite extract was filtered off and the residue 
washed until the washings coming through were colorless. Aliquots of 
the combined liquor and washings were run for pentosan and total organic 
matter removed. 
The tissue resulting from these three treatments was bleached with 
permanganate solution followed by sulfurous acid solution, dried in a 
vacuum oven at 60°, and analyzed for ash, pentosan, lignin and a-cellulose 
content. 
DESTRUCTION OF PENTOSAN BY COOKING 
The total pentosan accounted for in no case checked the amount, ap-
proximately 26 per cent, in the original tissue. Experiments in which 
pentosan, extracted from cornstalks with 5 per cent sodium hydroxide 
solution, was treated with caustic solution indicated a corresponding de-
struction, the destruction being greater the higher the concentration of 
caustic. The data are shown in table 3. During the progress of this in-
vestigation, an article appeared by Aronovsky and Gortner (6) which 
shows similar results when wood is treated with water alone. This de-
struction is possibly due to the dehydration of the pentosan material with 
the production of furfural. 
DISCUSSION OF RESULTS 
The quantity of organic matter removed by each of the three treat-
ments indicated that the initial caustic treatment was the only variable 
which removed appreciable quantities of material, although the quantity 
of organic matter removed increased slightly with increased time of chlori-
nation as well as increased concentration of sodium sulfite. This result is 
in harmony with the work of Ritter (7) which indicates that a short period 
of chlorination is sufiicient to chlorinate all the exposed lignin. In the 
treatment of the pith as well as in the treatment of the fibers an increase 
in caustic concentration caused a decrease in the yield of pulp, a-cellulose 
content, lignin content, and pentosan content of the pulp and an increase 
in the organic matter removed. 
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In the case of the fibers, the 2.0 per cent caustic treatment produced 
a good white pulp while the 1.0 per cent and 0.5 per cent caustic treatment 
producedi a dark colored insufficiently treated pulp. On testing inter-
mediate concentrations, it was found that 1.2 per cent caustic failed to give 
an entirely satisfactory pulp while 1.3 per cent caustic gave a satisfactory 
pulp. This calculated to be 12.5 per cent sodium hydroxide on the weight 
of the dry fibers. The actual dilution of the caustic solution has little 
effect for a pulp may be obtained from as dilute a solution as 0.5 per cent 
caustic concentration wheri the ration of dry fiber tissue to caustic solution 
is 1 to 30. 
In the case of the pith material, the 2.0, 1.0, and 0.5 per cent caustic 
treatments all gave satisfactory pulps. On testing lower concentrations, 
it was found that a satisfactory pulp was obtained with 0.3 per cent but 
not with 0.2 per cent caustic solution when 30 cc. caustic solution were 
used per gram of material. This calculated to be 7 .5 per cent sodium 
hydroxide on the dry material. 
The lignin left in the pulp tends to approach a minimum value with 
increased caustic concentration, however, it is not completely removed. 
When a good pulp is produced, the a-cellulose content is from 35 to 
40 per cent of the total stalk. This value tends to approach a constant 
minimum value as the concentration of reagents increases. 
SUMMARY 
The cornstalk can be mechanically separated into a pith tissue and 
a fibrous tissue, yielding 63 per cent fibrous constituents and 26 per cent 
pith based on the weight of the original stalk. 
In the de Vains process, when applied to the pulping of cornstalks, the 
initial caustic treatment is the only variable which has any appreciable 
effect on the chemical composition of the pulp. 
The concentration of the caustic solution used makes very little dif-
ference so long as there is caustic enough present for pulping. The ft.brow~ 
tissue of the stalk requires 12.5 per cent sodium hydroxide, based on the 
dry weight of the fibers, for pulping while the pith tissue requires only 
7 .5 per cent sodium hydroxide based on the dry weight of the pith. 
Isolated pentosan material is destroyed by pulping processes, the de-
struction being greater the greater the caustic concentration of the cook. 
The percentage of a-cellulose as well as lignin in the pulp tends to 
approach a constant minimum value. However, the removal of lignin is 
in no case complete. 
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THE USE OF AMMONIUM HYDROXIDE AS A PULPING AGENT 
FOR THE GRASSES 
C. J. PETERSON AND R. M. HIXON 
From the Department of Chemistry, Iowa State College 
Accepted/ for publication September 12, 1932 
In the process of converting plant tissues into cellulosic pulp by 
chemical means, approximately fifty per cent of the original tissue is re-
covered. There has been no method as yet suggested which would permit 
the recovery of the other fifty per cent of the organic material at an eco-
nomical figure. On an estimated annual production of three million tons 
of paper pulp from the various chemical processes, this destruction would 
amount to about one and one-half million tons of organic matter per year 
for the United States alone. 
The following report presents preliminary evidiince to show that am-
monium hydroxide could be substituted for sodium hydroxide in the alkali-
pulping processes for the grasses. The ammonia can be recovered by dis-
tillation leaving the organic materials of the black liquor as a residue for 
further elaboration. This process would offer commercial advantages in 
proportion to the uses found for the organic materials recovered, consisting 
mostly of lignin and pentosans. 
MATERIALS AND LABORATORY PROCEDURE 
The plant materials used in these studies consisted of oat straw and 
the fibrous tissue of the cornstalk. The method of separation of the corn-
stalk is described in a previous publication.1 The fibrous tissue was used 
since it is so much more difficult to pulp than the pith tissue that any 
pulping process which would pulp the fiber would also pulp the pith. 
The cornstalk tissue was used in the air dry condition in the same 
state as it came from the separator. The material had a moisture content 
of 5.63 per cent on an oven dry basis of 105°C. The dry tissue ran 1.55 
per cent ash. 
The oat straw tissue was used in the air dry condition in the same 
state as it came from the bales. The material had a moisture content of 
6.80 per cent on an oven dry basis of 105°C. The dry tissue ran 3.77 per 
cent ash. . 
A special laboratory type of digestor was used for this investigation. 
A schematic diagram is shown in figure 1. The four heat units made it 
possible to maintain any desired temperature since they could be connected 
in series or in parallel, and also cut out entirely when necessary. The 
digestor was lead lined in order that it might be used for sulfite cooks. 
When sulfite cooks were made, the iron head was replaced by a silver 
plated head. The lead lining made it possible to get a tight joint at the 
top. 
The tissues were subjected to a modification of the de Vains process2 
in that the base used was ammonium hydroxide instead of sodium hydro-
xide. One hundred gram samples were used. The material was placed 
1 Peterson, Fang, and Hixon, Iowa State College Jour. Sci. 7: 17-2'4, 1932 . 
• 2 See discussion and literature cited p. 23 of this journal. 
26 C. J. PETERSON AND R. M. HIXON 
in the digestor and the smallest volume of aqueous ammonia of the in-
dicated concentration sufficient to cover the sample ( 1000 cc.) was added. 
The pressure in the digestor was slowly brought to 90 to 110 pounds and 
held at this pressure from 8 to 15 hours by use of the electric heat units. 
After the digestor had cooled the pressure was decreased to atmospheric 
pressure by opening the blow-off valve which removed prac"tically all the 
liquor from the digestor. The digestor was opened and the pulp thorough-
ly washed with water. 
The washed tissue was transferred to a laboratory sized paper beater 
and beaten until a good pulp was obtained, then treated with chlorine gas 
for 20 minutes or until the tissue lost the brown color and became a faint 
yellow. After chlorination the liquor was filtered off, the tissue washed 
until free from chlorine, then sufficient two per cent sodium sulfite was 
added to form a heavy suspension and the mixture boiled for five minutes. 
The hot sodium sulfite extract was filtered off and the residue washed on 
the filter until the washings came through colorless. 
The tissue resulting from these treatments was bleached with perman-
ganate solution followed by sulfurous acid solution. A portion was dried 
in a vacuum oven at 60°0. and analyzed for ash, pentosan, lignin, and 
cellulose content. The results of these analyses are shown in table 1. An-
other portion was made into paper. This paper was of such a quality as 
to compare with the de Vains process or soda process papers. 
OBSERVATIONS ON WASTE LIQUORS 
The ammonia from the waste liquors volatilizes to a large extent in 
"blowing off" from the digestor. Aeration during boiling reduces the 
ammonia concentration in the waste liquor to a few tenths of a per cent. 
As the ammonia volatilizes, lignin separates from the liquors but filtration 
is made difficult due to the peptizing action of the soluble pentosans. Re-
moval of all the water by evaporation leaves a black sludge containing 
pentosans and lignin. The analysis of these mixtures for total organic 
matter and for pentosans is shown in table 1. The difference between these 
figures would be a rough indication of lignin content. 
TABLE 1. The: partition of the constituents of pl.ant tissues by am100'llliwm hydroxide 
as compared with sodium hydroxide* 
Kind of tissue and process 
Cornstalk + NH, 
11 + NaOH 
Oat straw + NH, 
11 11 + NaOH 
I I Analysis of pulp I Analysis of liquor Yield of Total 
pulp Pentosan Lignin a-Cellulose organic: Pentosans 
I 59 17.4 2.3 39 30.3 7.1 52 14.4 2.2 38.Z 33.6 8.4 
57 19.0 2.5 39 32.Z 8.3 
I 52 16.2 2.1 36 32.3 9.1 
* One hundred grams of tissue cooked in one liter of 28 per cent ammonia at 100 
lbs. pressure for 15 hours. Results are reported as percentage of original tissue. 
The pentosans can be removed from the lignin by dilute acid hydrol-
ysis. Light tan colored preparations of lignin can be obtained by this 
method. Further studies of this material will be reported in the near 
future. 
The pentosans can be recovered from the ammoniacal solutions by 
precipitation with alcohol according to standard procedures for prepara-
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tion of pentosans from sodium hydroxide extracts. After removal of the 
pentosans, lignin can be separated without the filtration difficulties just 
mentioned. 
Since the isolated pentosan materials can be easily fermented by the 
thermophilic organisms, it was expected that the lignin could be separated 
from the carbohydrate materials in the waste liquor by subjecting the 
evaporated waste liquors to thermophilic digestion. Little or no growth 
could be obtained in such suspension media. 
SUMMARY 
The analyses reported in table 1 indicate that a paper pulp of similar 
composition can be obtained from cornstalks or oat straw independently 
of whether ammonium hydroxide or sodium hydroxide is used as a pulping 
agent in the de Vains process. The actual yield of pulp is slightly higher 
from the ammonia cook because of larger quantities of pentosans left in 
the pulp. Papers prepared from the pulps showed very similar qualities. 
The paper from the ammonia process seemed stronger and less hydrated 
probably due to the milder alkali and lower temperatures (about 115°0.) 
employed. 
The organic material in the liquors was about 25 per cent pentosan 
and 75 per cent lignin. These constituents may be separated by the usual 
procedures. The ammonia can be recovered by boiling and aeration of 
the waste liquors. About O.G per cent ammonia remains in salt form after 
such recovery and it is necessary to add small quantities of strong base, 
for example Ca (OH) 2, to effect complete recovery. 
THE HYDROLYSIS OF PENTOSANS FROM CORN COBS 
F. E. BROWN AND ELTON R. LEWIS 
Frorrn the Chemioal Laboratory of Iowa State College 
Accepted for publication September 20, 1932 
La Forge1 has investigated the production of furfural from corn cobs 
by steam distillation. The furfural is supposed to be formed from the 
pentosans which are present in the cobs to the extent of about 30 per cent 
of their mass. He found that a ratio of cobs to water not greater than 
1 :4 a temperature of 180° and a reaction period of two hours were optimum 
conditions. If steam carrying furfural was allowed to escape during the 
two hour period the yield of furfural was increased. Under any conditions 
imposed by La Forge a large fraction of the pentosans were converted into 
products other than furfural or much of the furfural which was formed 
was subsequently decomposed, since he seldom secured as much as one-
third of the theoretical yield. Since the effect of the other components of 
the cob were unknown, it was decided to remove the pentosans from the 
major part of the other components and conduct hydrolyses of less impure 
pentosans. 
PREPARATION OF PENTOSANS 
The pentosans were extracted by adding fine corn cob meal to a 7 
per cent solution of sodium hydroxide until the mixture was as viscous as 
could be stirred conveniently with a motor stirrer. The mixture was stirred 
for one hour, allowed to stand over night, stirred for another hour and 
then :filtered under suction. The :filtration was made through a towel sup-
ported on a Buchner funnel. The residue was washed with water and the 
washings were added to the :filtrate. The :filtrate was stirred while two 
volumes of 95 per cent ethanol were added, and after complete mixing the 
sodium hydroxide was partly neutralized by means of hydrochloric acid. 
After two or three hours the precipitated pentosans were collected on a 
filter, washed with alcohol and ether, dried in the air for three or four 
hours, an~ stored in a tightly stoppered bottle. Their composition was: 
Moisture (loss at 105 °) 17 .03 per cent 
Pentosans (furfural distillation) 71.05 " " 
Ash 6.86 '' '' 
Lignins, etc. (by difference) 5.06 '' '' 
100.00 
APPARATUS 
The bomb in which the hydrolyses were made is shown in figure 1. It 
consisted of a special steel cylinder three and one-half feet long with a 
bore three inches in diameter and a wall thickness of one inch. It was 
permanently closed at one end and the other end was closed by a steel 
head, A, and a lead gasket held in place by stud bolts. The bomb was 
mounted by means of an axle, B, on which it could be rocked by a motor, 
1 Ind. Eng. Chem. 15, 499 (1923) 
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Fig. 1. Rocking perssure bomb. Scale: 1" = 3'-0" 
E, eccentric, D, and shaft C. The variable weight, I, aided in balancing 
the apparatus. The hollow axle communicated with the interior of the 
bomb and to it was connected a pressure gauge, G, and a connecting tube 
fitted with a valve, H. The bomb was heated by the electrical furnaces 
F, F'. The temperatures were read by means of a thermometer, T, set in 
a well drilled in the steel collar which connected the bomb to the shaft. The 
relation between the thermometer reading and the temperature in the bomb 
was determined by filling the bomb with nujol, fitting a thermocouple so 
that its junction was in the middle of the bomb, and reading the thermo-
couple and the thermometer in the well simultaneously as the bomb was 
heated through a range which included the temperatures of these experi-
ments. 
EXPERIMENTAL 
Fifteen grams of air dried impure pentosans, (10.66 grams by furfural 
distillation) and 2,500 cc. of water were put in the bomb, sealed, and heat-
ed to the boiling point before the valve, H, was closed. This permitted 
the greater part of the oxygen to be displaced. The sealed bomb was rocked 
continuously during a 70-120 minute period of rising temperature, a five 
hour period of constant temperature and until the bomb was cooled by 
radiation. When the bomb was cool the contents were poured out and the 
bomb was washed with water. The liquor and washings were brought to 
3,000 cc. by adding distilled water, and aliquot parts of this 3,000 cc. were 
analyzed. 
ANALYSIS 
Furfural was collected from 1,000 cc. by distillation under reduced 
pressure until aniline reagent gave no pink color with the last distillate. 
The furfural was precipitated from 12 per cent hydrochloric acid by phloro-
glucinol, weighed, and the calculations made by Krober's formulas.2 
2 Schorger, Chemistry of Cellulose and Wood. McGraw-Hill Book Co., New York 
(1926) p. 536. 
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ALCOHOL INSOLUBLE MATERIAL 
After the furfural had been removed the concentration was continued 
under reduced pressure until the volume was about 300 cc. After cooling, 
a representative portion was taken and two volumes of 95 per cent ethyl 
alcohol were added. After two or three hours, the precipitate was collected 
under suction on a small tared Buchner funnel. The precipitate was first 
washed with alcohol and then with ether and dried in an oven at 105°0. 
ALCOHOL! SOLUBLE MATERIAL 
The alcohol from the filtrate was recovered by distilling under reduced 
pressure. To a 20 cc. representative portion of the remaining liquor, con-
centrated hydrochloric acid was added until the concentration of hydro-
chloric acid was 12 per cent. The volume was then made up to 100 cc. 
with 12 per cent hydrochloric acid. This was distilled, at the rate of 30 
cc. in 10 minutes, until the distillate gave no pink color with aniline re-
agent. The volume in the distillation flask was kept constant by addition 
of 12 per cent hydrochloric acid. The amount of furfural in the distillate. 
was determined in same way as described above. 
Reducing substances not removed when furfural was removed. A 50 
cc. representative portion of the concentrate, after the furfural was re-
moved, was clarified with a saturated lead acetate solution, and deleaded 
with dry sodium carbonate. Before adding the sodium carbonate a drop 
of phenolphthalein was added so that the appearance of a slight pink color 
would indicate when enough sodium carbonate had been added. The re-
ducing material calculated as glucose was determined by the Modified 
Fehling Solution method of Quisumbing and Thomas.3 
Volatile acids. Volatile acids were determined by the method used 
by Aronovsky and Gortner.4 
RESULTS 
A series of seven runs was made. The temperature of the runs varied 
from 142° to 208°0. Table 1 shows the results of these seven runs. 
DISCUSSION OF RESULTS 
The liquors from the various runs differed in color. The liquors from 
142° and 150°0. runs were yellow, those from the 160° and 173°0. runs 
were dark brown, those from the runs above 173°0. were black and had 
an odor like that of charred organic matter. 
The yield of furfural reached its maximum of 5.03 per cent, of the 
theoretical yield, in the sample heated to 173° for 5 hours. In the runs 
above 173°0. the yield decreased gradually. 
The yield of volatile acids was small and reached a maximum at about 
the same temperature as the furfural. 
The alcohol insoluble material was greatest in the low temperature 
runs in which the yield of furfural was smallest. In the low temperature 
runs the alcohol insoluble material looked very much like the original 
material. In the runs at higher temperatures the amount 0£ alcohol in-
soluble material was very small and the material was black. 
a J. Am. Chem. Soc. 49, 1503 (1921). 
4 Ind. Eng. Chem. :e:e, 264 (1930). 
TABLE 1. Analysis of liqu01·s from five howr rnns at varying temperatures 
Reducing 
Volatile acids material 
Alcohol soluble material 
Furfural 
Maximum Pressure Pentosans calculated Alcohol other than producing 
temperature accounting as acetic insoluble furfural material 
Pounds Fur fur al for fW'fural acid material calculated Furfural calculated as 
Degrees per as glucose pentosans 
centigrade sq. inch Grams Grams Grams Grams Grams Grams Grams 
142 40 0.000 0.000 0.225 9.005 0.000 0.644 1.115 
150 65-70 Q.072 0.124 0.354 6.080 0.000 1.850 3.164 
160 80-85 0.306 0.554 0.773 1.660 1.215 1.737 2.970 
173 115-125 0.390 0.567 0.966 0.860 0.757 trace trace 
184 160 0.297 0.507 0.869 0.684 0.65l 0.000 0.000 
196 185 0.189 0.326 0.773 0.804 0.380 0.000 0.000 
208 280 0.183 0.213 0.773 0.632 0.082 0.000 ·0.000 
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The alcohol soluble portion was richest in furfural producing material 
in the low temperature runs in which the yield of furfural was smallest. 
In the high temperature runs there was no furfural producing material 
at all. This would indicate that in the runs at lower temperatures, the 
treatment had not been sufficient to convert the pentosans to pentoses or 
furfural. 
Reducing material other than furfural was greatest in the 5 hour run 
at 160° and decreased with increase in temperature. 
A considerable portion of the pentosans was unaccounted for in the 
various experiments. This might be due to the formation of furfural and 
its subsequent decomposition or to the decomposition of the pentosans with-
out the formation of furfural. 
SUMMARY 
Pentosans, extracted from corn cobs, were treated with water in a gas 
tight bomb. The pressures developed were those corresponding to the vapor 
tension of the materials present at the temperature of the various experi-
ments. The products determined were furfural, volatile acids, alcohol in-
soluble material, furfural producing material in alcohol soluble portion, 
and reducing material other than furfural. 
The yield of furfural reaches its maximum in 5 hours at 173°. 
The amount of alcohol insoluble material decreases with increase in 
temperature. When pentosans were treated at temperatures below 173° 
the alcohol extract contained considerable furfural producing material, 
while those samples treated at higher temperatures yielded little or no 
furfural producing material. In no case do the products determined ac-
count for all of the pentosans. In the experiments at the higher tempera-
tures the products identified account for only a small portion, less than 
5 per cent, of the pentosans used. 
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The sculptured tick, Ixodcs sculptus Neumann (1904), is one of the 
few species of the genus that have received very little mention in the litera-
ture. So little attention has been given to this species that the male is 
recorded as unknown, while the female is known only from a few specimens 
that have been available for authoritative consideration. 
Although this work is not primarily concerned with the systematic 
phase, the abundance of available material has yielded some information 
that may be of interest to the systematist. 
The life history and habits of Ixodes sculptus have been investigated 
primarily as a contribution to knowledge concerning the Ixodidae. The 
association of this tick in nature, however, places it as a possible vector 
of tularaemia. Hence, this work was planned that it might be of service 
in investigating this tick as a vector of disease. 
The time of the year to which this study was necessarily restricted 
has made it impossible to earry on extensive investigation in the tick's 
natural habitat. Consequently, the life history and habits have been worked 
out almost wholly under laboratory conditions. Some observations made 
in the field, however, have been used to verify and supplement conclusions 
drawn from laboratory data. 
LITERATURE 
Ixodes sciilptus was described by L. G. Neumann in 1904. Hunter 
and Hooker (1907) mention only the scarcity of specimens. A paper by 
F. C. Bishopp (1911) designates the distinct systematic characters and 
the extent of the known distribution at that time. This brief review of 
the literature is apparently complete. 
GEOGRAPHICAL DISTRIBUTION AND HOST RELATION 
Ixodes sculptus is restricted to North America. It is more widely dis-
tributed on this continent, however, than the scarcity of specimens would 
lead one to suspect. The type locality is the Santa Cruz Mountains of 
California. Specimens are recorded from the prairie dog and the rock 
squirrel ( Citelliis variegatus Couchi) in Texas, the ground squirrel ( Citel-
lus colitmbianus) in Montana and the striped-ground squirrel in Wyoming. 
A specimen is recorded from South Dakota, but no host is mentioned. A 
decapitated specimen from the bob cat in Oklahoma is recorded as Ixodes 
sculptus, but its determination is apparently incorrect. Ixodes sculptit,S 
1 The writer has been gl'eatly aided during the progress of this work by constructive 
criticism and suggestions kindly given by Dr. E. R. Becker. 
In the systematic study, the author was fortunate in having specimens submitted by 
Professor C. E. Sanborn of Oklahoma A. and M. College. The determination of the 
species was courteously made by Mr. F. C. Bishopp, of the United States Bureau of 
Entomology. 
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has been collected recently from the pocket gopher at Stillwater, Oklahoma, 
by Professor C. E. Sanborn. The specimens used in this study were taken 
from the thirteen-striped ground squirrel ( Citellus tridw emlineatus tri-
decemlineatus) in the vicinity of Ames, Iowa. 
DESCRIPTION 
Male (figures 2 and 3) : Length (excluding capitulum), 1.87 to 2.45 
mm.; width, 1.44 to 1.58 mm. Body oval, greatest width slightly anterior. 
Marginal fold white, prominent, set with stout setae; marginal groove deep. 
Scutum coarsely punctate, setae scarce. Cervical grooves faint, strongly 
diverging. No lateral grooves. Pseudo-scutum faintly evident. Two small 
sclerotized areas adjacent to internal spine of coxa I. Pregenital plate 
anteriorly rounded. Median plate as broad as long. Anal groove slightly 
diverging posteriorly. Adanal plates with sides parallel, diverging at 
anterior extremity. Spiracle subcircular, measuring from .21x.24 to .24x.27 
mm. Capitulum small. Basis capitulum narrowing posteriorly forming 
small cornua. Palpal segments 2 and 3 equal. Hypostome bluntly round-
ed, teeth fused transversely. Coxa I with a strong internal spine project-
ing over Coxa II. A blunt external spur on all coxa. Anterior legs notice-
ably stouter than others. Tarsi tapering abruptly. 
Fern.ale: Body size (excluding capitulum) ranging from 1.44X2.23 
to l.69X2.47 mm. Sclerotized parts dark amber in color. Unsclerotized 
areai whitish marked by slate colored diverticula of intestine. Lateral 
carinae curving medially. Porose areas rounded, almost covering caudal 
half of basis capitulum. Internal spine of coxa I long, extending over 
coxa IL Hypostome set ventrally with two rows of teeth. Measurements 
from 36 individuals: Scutum, l.20Xl.05 to l.37Xl.17 mm. ; capitulum 
(ventral ridge to tip of hypostome), .69 to .81 mm. ; (dorsal ridge to tip 
of hypostome), .55 to .69 mm.; basis capitulum, .409 to .472 mm.; spiracle, 
.254X.197 to .296X.225 mm. ; cornua centers, .289 to .351 mm. ; scalpulae 
interval, .473 to .486 mm. Engorged female somewhat rounded in form, 
slate blue in color. Length including capitulum, 6.3 to 8.6 mm.; width 
4.4 to 5.4 mm. 
Nymph: Body oval, narrower in front; translucent, marked by diver-
ticula of intestine. Sclerotized parts amber in color. Marginal groove 
shallow. Cornua prominent. Anterior legs very stout in comparison to 
others. Pal pal segment I with two prominent spines. Unengorged (ex-
cluding capitulum), 1.203X.705 to 1.332X.788 mm. Engorged, 2.23 to 
1.50 mm. 
Larva: Body oval, translucent, marked light brown by diverticula 
of intestine. Sclerotized parts amber in color. No marginal groove. Cor-
nua prominent. Palpal segment I with two prominent spines. Unengorged 
(excluding capitulum), .60X.48 to .64X.49 mm. Engorged, .87Xl.39 mm. 
Egg: Ellipsoidal, amber color. Average size of 30 eggs, .428X.614 
mm. 
TECHNIQUE 
The devices used in carrying out this study have given such excellent 
results that descriptions and methods of using them are given for the 
benefit of future workers. 
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For infesting the ground squirrel, the animal was confined in a mail-
ing tube about three and one-fourth inches in diameter and eight inches 
long. Several small holes were made in the lid of the tube for ventilation 
and for admitting the unengorged ticks. Three hours after the ticks were 
given access to the host, the squirrel was removed from the mailing tube 
and placed in a one-fourth inch mesh hardware cloth cage placed over a 
pan of water. The engorged ticks after detaching from the host were re-
covered from the pan of water. Infestations ranging from 40 to 80 per 
cent were obtained in this way. 
The development of engorged larvae and nymphs 
was completed in a device (fig. 1) constructed as fol-
lows: A small vial about three-fourths inch in diam-
eter and three inches long was filled about one-fourth 
full of sand saturated with water. A one-fourth inch 
glass tube was inserted through a cork so that it ex-
tended almost to the sand when the cork was fitted 
into the vial. Cellu-cotton plugs were used to stopper 
each end of the glass tube. 'l'he engorged larvae and 
nymphs were placed in the tube between the cellu-
cotton plugs for further development. Variations 
from the principle of this device were used, but they 
proved to be less efficient. 
Oviposition was carried out in small Stender 
dishes containing a thin layer of fine moist sand. The 
engorged females were placed on the moist sand and 
the lid of the dish put in place for moisture retention. 
Only one small cluster of eggs handled in this way 
was lost from the attack of molds. 
LIFE HISTORY 
No previous work on the biology of this tick has 
been published. With the exception of the parasitic 
interval, the complete life history was carried out 
under a constant temperature of 24.5 C. For com-
parison, the development of the larva and nymph 
was carried out under a constant temperature of 
22.5 C. All stages were experimented with under 
freezing and unrecorded room temperatures. All 
engorgements were made on the thirteen-striped 
ground squirrel. 
OVIPOSITION 
Fig. 1. Apparatus 
for rearing non-par-
asitic stages of im-
mature ticks. (Ol'ig· 
inal) 
The preoviposition period of fourteen females ranged from five to nine 
days. At 24.5 C., one specimen began ovipositing in five days and four 
others began on the sixth day. Under variable room temperature, six be-
gan ovipositing in six days, two in seven days and one in nine days. Two 
individuals under a constant temperature of 34.7 C. failed to oviposit in 
fourteen days. Oviposition began, however, eight days after they were 
changed to 24.5 C. The eggs were abnormal and failed to develop. An 
engorged female subjected to -3 C. for fourteen days began ovipositing 
the fourth day after removal to 24.5 C. 
The number of eggs deposited by individuals ranged from 644 to 
1,006 with an average of 828 from five specimens. The number of eggs 
38 HOMER HIXSON 
deposited showed a positive correlation to the weight and size of the en-
gorged female (as shown in Table 1). Beginning with the day oviposition 
began, the average number of eggs deposited by five individuals on sub-
sequent days were as follows: 19, 61, 81, 79, 74, 77, 68, 48, 43, 50, 36, 
35, 30, 24, 21, 16, 16, 11, 10, 8, 8, 7, 4, 4, 2, 1, 1, 1 and 1. The oviposition 
period ranged from twenty-six to twenty-nine days. 
TABLE 1. Relationship of the oogorgement period and eggs deposited to size and 
weight 
Engorgement 
period 
6 days 
14 days 
12 days 
10 days 
7 days 
8 days 
8 days 
Length in 
mm. 
7.2 
7.6 
7.9 
8.0 
8.2 
8.0 
8.6 
Width in 
mm. 
4.8 
4.8 
5.2 
5.2 
5.1 
5.2 
5.4 
I 
Weight in 
grams 
.0556 
.0716 
.0831 
.0967 
.0955 
.0950 
.1001 
I 
I 
I 
I 
Number of 
eggs 
644 
768 
789 
935 
1006 
none 
none 
The incubation period, under varying temperatures, ranged from 
twenty-seven to forty-three days. Eggs deposited on subsequent days by 
the same individual and maintained at 24.5° C. showed distinct white spots 
on the twenty-first day and began hatching on the thirty-fourth day after 
the date of oviposition. There was a four day variation in the length of 
the incubation period of eggs from different individuals. The develop-
ment of eggs from the majority of individuals, however, was constant. Eggs 
subjected to -3° C. for fourteen days developed normally when removed 
to effective temperatures. Also, eggs from an engorged female that had 
been subjected to -3° C. for fourteen days were normal and began hatch-
ing in thirty-four days after removal to 24.5° C. 
LARVA 
The longevity record for the unengorged larva was 166 days at 24.5° C. 
Of ten larvae that hatched November 15, 1931, four were still living on 
May 1, 1932. Under normal conditions, engorged larvae dropped from 
the host in from three to nine days after attachment. Beginning with the 
second day after infestation, the numbers of engorged larvae dropping 
from the host on subsequent days were as follows: 9, 40, 56, 56, 64, 72, 
74, 28, and 3. The engorgement of 149 larvae on one squirrel from the 
same infestation, increased the range of the engorgement period four days; 
beginning with the third day after infestation, the following numbers de-
tached on subsequent days: 7, 33, 38, 32, 22, 37, 12, 16, 9, 6, and 2. En-
gorgement was retarded when a squirrel went into hibernation the sixth 
day after infestation. 
Engorged larvae held at both 24.5° C. and 22.5° C. became quiescent 
in from three to seven days after dropping from the host. Quiescence was 
evident in over 50 per cent on the fourth day. At room temperature, 
quiescence took place in four to nine days with 50 per cent becoming in-
active on the fifth day. Active engorged larvae subjected to -3° C. for 
fourteen days became quiescent in three to six days after removal to 
24.5° c. 
Quiescent larvae at 24.5° C. began clearing at the base of the capitu-
lum on the second day and molted in from nine to twelve days. Those 
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subjected to 22.5° C. molted on the twelfth and thirteenth day. A one 
day possible error may account for the variation in the period required 
for development. Molting occurred in from thirteen to seventeen days 
at room temperature. A temperature of -3° C. only retarded development 
in quiescent larvae. 
TABLE 2. Larva and nymph development of Ixodes soulptus iinder constant 
temperatwre and optimum hwmidity 
Stage 
Temper-
ature 
Number of specimens I Number of specimens 
quiescent molting 
Days after dropping Days after quiescence 
~-----'~~~_,__3~1~4 _,,_I ~5-c-I ~6,--'l;--,-7-'--I ~Sc-'l'---9 110 J 11 112 I 13 I 14 \ 15 I 16 111 
Larvae 24.5 c. 8 I 45 I 21 I 17 I 6 I 1 I 13 I 61 I 24 I 5TTl-I I I 
t-a-rv-ae---'----c22.5 c. 4 I 44 \ 17 I 7 I 1 I 1 I I I I 22 I 29 I 3 I 1 I I 
Nymph ~ 24.5 c. 1 I 7 111 I 3 I 1 I I I I 10 I s I 1 I I I I 
Nymph 9 24.5 c. 11 9 I 7 \ s 1 4 I J J I 11121111 11 I J 
Nymph ~ 22.5 c. \ I 3 J 1 I 3 I I I J I I 1 I 6 I I I 
Nymph !? 22.5 c. I I 2 I 2 I 2 I I I I 1-1-1 I 2 I 3 I 1 
NYMPH (TABLE 2) 
The longevity record of the nymph, in the unengorged condition, was 
11'8 days. Mold was a disturbing factor in this experiment; therefore, it 
is probable that this form is capable of enduring much longer. Engorge-
ment was completed under normal room temperature in from four to nine 
days after infestation. Starting with the third day, the number of en-
gorged nymphs dropping on subsequent days were as follows: 1, 4, 13, 
14, 15, 8, 10, 5 and 1. Cool temperatures and poor condition of the host 
prolonged the period required for engorgement. Hibernation of the 
squirrel retarded the engorgement of attached nymphs. 
Quiescence was evident in engorged nymphs in from three to seven 
days at 24.5° C., at 22.5° C. in from five to seven days. Those subjected 
to room temperature variations remained active for from eight to sixty-
four days. The extended period was probably due to low temperature 
fluctuations. No complete record of the temperature was taken, but records 
from noticeable variations showed a range from 18 to 30° C. There was 
no difference in the length of the active period of engorged male and female 
nymphs under optimum conditions. 
Quiescent nymphs subjected to the same conditions showed a distinct 
difference in the time required for molting of the different sexes (as shown 
in table 2). At 24.5° C., the males molted on the eleventh and twelfth 
day and the females molted on the twelfth and thirteenth day after quies-
cence. At 22.5 ° C., the males molted in fourteen days and the females 
molted in from fifteen to sixteen days. At room temperature, quiescent 
nymphs molted in from sixteen to nineteen days. 
In a few instances where both temperature and humidity were not 
optimum, the period from detachment to molting ranged from seventeen 
to twenty-nine days for females and twenty-one to fifty-six days for the 
males. During development, the males are capable of withstanding more 
adverse humidity conditions than the females. Out of twelve engorged 
nymphs held at fluctuating humidity, five molted, which were all males; 
whereas, out of thirty-nine held at optimum humidity two died, and thirty-
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seven molted, of which seventeen were males and twenty were females. 
The regenerations of lost appendages increased the period required for 
development from one to two days. 
ADULT 
Specimens collected in the field were used in the longevity test of the 
adult stage; therefore the duration of life is probably much longer than 
the data indicate. At temperatures suitable for activity, an unengorged 
female lived 131 days and several males were still alive after 182 days. 
The time required for engorgement of the female ranged from six to four-
teen days. The condition of the host is a factor influencing the time re-
quired for engorgement and the size of the engorged tick, as shown in 
table 1. The specimens represented in this table attached the same day 
on a single host. The individual engorging in six days probably detached 
before repletion. The two specimens engorging in twelve and fourteen 
days were below the common range in size. This view was further sub-
stantiated by the fact that the seventh engorged adult that detached from 
a field collected squirrel, measured only 6.25X4.42 mm. This specimen 
detached nine days after the squirrel was collected. A single female at-
taching to this squirrel later required fourteen days to engorge. 
HABITS 
All stages of lxodes sculptus are adapted for life in the burrow, and 
except for the unengorged larvae, they have been collected in the litter of 
the burrow of the thirteen-striped ground squirrel. 
The parasitic forms of this species infest the host from the burrow. 
Although unengorged larvae have not been collected in the burrow, the 
gravid females and eggs collected in the burrow account for its existence 
there. The unengorged forms apparently remain inactive in the burrow 
until disturbed by the presence of the host. They crawl from the litter 
or fall from the sides or roof of the burrow onto the host and attach along 
the back and about the head and neck. All engorged forms leave the host 
at night while the host is inactive and burrow down into the litter for 
molting or oviposition. The male is not parasitic; it remains in the litter 
of the burrow and copulates either before or after the engorgement of the 
female. Whether the engorged female is fertilized or not, it burrows into 
the surface of the soil below the litter of the nest and deposits the eggs 
after the usual preoviposition period. 
LIFE OYCLE 
Oviposition usually begins on the sixth day after engorgement and 
as many as 1,006 eggs may be deposited. Twenty-eight days are required 
for oviposition. At 24.5° C., the eggs hatch thirty-four days after the date 
of deposition. The larva may live in the unengorged condition at least 
166 days and engorge as soon as three days after gaining the host. At 
24.5° C., it becomes quiescent in four days and molts ten days later. 
The nymph may live at least 118 days in the unengorged state and 
engorge within four days after attachment. At 24.5° C., the nymph be-
comes quiescent in five days; at this temperature the male molts in eleven 
and one-half days, and the female in twelve and one-half days. The un-
engorged female is capable of living at least 131 days, and usually en-
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Fig. 2. lzodes sculptus. Ventral view of male, greatly enlarged. (Original) 
Fig. 3. Izodes suulptus. Dorsal view of male, greatly enlarged. (Original) 
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gorges in about eight days after attachment. The male is capable of living 
182 days at temperatures suitable for activity . 
.All stages of this tick may be found at any time during the year. It 
has been shown from field collecting that all forms are present from early 
fall to late spring. 
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This paper deals with the structure and content of the pollen of 41 
species distributed among 26 genera of the Leguminosae. All these species 
are visited by bees. Most of them are sources of both pollen and nectar. 
The morphological features considered are size and shape of pollen; 
thickness of wall; number and character of the furrows; number, size, and 
shape of germ apertures; and the finer wall marking such as reticulations, 
perforations, etc. There is a growing interest in these morphological 
characters of pollen with reference to their taxonomic and phylogenetic 
significance. They are also the features by which pollen used by bees can 
be identified. 
The observations on content were limited to starch, sugar, protein, and 
fats, substances of first importance in the diet of bees. 
'l'he papers on pollen morphology with reference to its diagnostic value 
are numerous. The reader is referred to Wodehouse ( 1928) and Tammes 
(1930) for brief reviews of a number of the more pertinent articles. 
It is now generally recognized that the shape, and size of pollen and 
the structural features of the wall are indicative of taxonomic and phylo-
genetic relationships. In many cases the morphological features of most 
diagnostic value are the furrows, pores, spines, ridges, and other con-
figurations of the pollen wall. 
The pollen wall is generally described as two layered. Nearly a century 
ago Fritzsche introduced the terms '' exine '' and '' intine'' to designate 
these layers. The exine, or outer layer, when treated with certain reagents, 
appears to be composed of an outer and an inner region differing con-
siderably in reaction. Kerner and Oliver called the outer portion of the 
exine "perine " and the inner portion "extine." Pope ( 1925) and Hayden 
(1930) use the term extine to designate both portions of the exine. Al-
though there is considerable confusion in terms, exine and intine are used 
by most authors to designate respectively the outer and inner layers of 
the pollen wall. 
The outer portion of exine forms a thin inconspicuous covering which 
is described by some authors as continuous and by others as discontinuous 
over the germ pores. The inner portion of exine is much greater but less 
uniform in thickness and is cutinized. It is much reduced in thickness or 
entirely absent at the germ pores. The intine varies in thickness in the 
pollen of different plants, but is usually comparatively thin, except at the 
germ pores where it undergoes thickenings that occupy the openings in 
the exine. The outer portion of the intine was found by Mangin, Biourge, 
and others to consist chiefly of pectic substances. In the thickenings at 
the germ pores pectic substances are especially prominent. According to 
Kerner and Oliver the perine, or outer portion of exine, bears the sculptur-
ings but other reports show that configurations may be borne by the inner 
portion of exine and also by the intine. 
The furrows or expansion folds are narrow elongated areas in which 
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the exine is thinner and adornments either absent or less prominent. They 
are regarded as provisions for the folding of the wall in response to the 
shrinkage of the protoplasm through loss of water. The furrows usually 
encompass the germ pores and when they fold in the germ pores are closed 
over by the edges of the folds. Thus, by reducing the surface of the pollen 
and protecting the pores against evaporation, the furrows perform an im-
portant function in protecting the protoplasm against injury from drying. 
When shrivelled pollen comes in contact with moisture, the protoplasm 
quickly expands and forces out the folds to a convexity that conforms to 
the rest of the surface of the grain. In some articles on pollen the move-
ments of the furrows are largely attributed to the shrinking and swelling 
of the pectic substances in the intine which is described as being closely 
attached exteriorly to the exine and interiorly to the protoplasm. The 
opening of the germ pore, usually present in the middle of the furrow, is 
also attributed partly to the swelling of the pectic substances of the thick-
ened intine. In their swollen condition they tend to bulge out through 
the pores and are also more easily forced through the pores by the pressure 
exerted by the protoplasm. 
Pope ( 1925) adopts the following system of terms to describe the 
surface of pollen grains : 
Wall smooth-no characteristic markings. 
Wall retic·ulate-thickenings on the extine, usually ridges that anas-
tomose and form various patterns. 
Wall punctate-many pit-like depressions. 
Wall echinate-spines projecting from the surface. 
Wall with pores-thin places in extine where pollen tubes protrude. 
As to the shape she describes pollen as an elongated ellipse, spherical, 
dumbbell-shaped, ellipsoidal, cylindrical, pyramidal, and polyhedric. In 
her pollen studies, which covered numerous genera and about 80 families 
of the Colorado flora, Pope found shape and size of pollen grains in general 
corresponding rather closely in genera of same family. In some families, 
however, there were some striking differences. Her observations were made 
on dry pollen. 
Wodehouse (1928, 1929, 1930, 1931 and 1932) reports extensive and 
detailed studies of pollen morphology with reference to its taxonomic and 
phylogenetic value. His articles contribute much additional evidence of 
the diagnostic value of pollen characters, and able discussions of the origin 
and relative diagnostic value of different pollen features. He introduces 
(1928) many descriptive terms new to the literature on pollen. 
Those applicable to the pollen of the Leguminosae are as follows: 
Expansion folds-longitudinal thin-walled areas, serving to accom-
modate changes in volume. 
Gierminal furrows-elongated, narrow areas in which germinal aper-
atures are located and which differ from the remainder of the 
pollen-surface generally in the unadorned and thin character of 
the exine. Usually expansion folds are germinal furrows. 
Tricolpate--characterized by three furrows or expansion folds. 
Psilate--unadorned-without ridges, spines, or projections other than 
germ pores. 
Lophate-with outer surface thrown into ridges, anastomosing or free. 
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Sublophate-ridges or crests inconspicuous or imperfectly defined. 
Lacunae-areas bounded by the crests in lophate pollen. 
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Wodehouse ( 1929) makes two groups of pollen characters, those spe-
cifically inherited and those due to contact or other relations with their 
neighbors. The former, called emphytic and considered of much diagnostic 
value, are the spines, ridges, and other finer markings of the wall. Thr; 
latter group, called haptvtypic, and considered of little diagnostic value 
are the number and arrangement of germ furrows and apertures. The 
number and arrangement of these structures he thinks are determined main-
ly by the arrangement of the pollen grains in the tetrad during their de-
velopment. For example, he ascribes the prevailing tricolpate condition 
of the pollen of Dicotyledons to the tetrahedral arrangement of the pollen 
in the tetrad stage. The tetrahedral arrangement provides each daughter 
cell of the tetrad with three points of contract each of which determines 
the location of a furrow and aperture. Points of contact and tendency 
toward symmetrical development he thinks are sufficient to account for 
all the differences in numbers and arrangement of furrows and apertures. 
Tammes (1930) holds with Wodehouse that the number and arrange-
ment of germ apertures or places of exit, as he calls them, are not strictly 
hereditary features. In some cases he found a close correlation between the 
size of grain and the number of places of exit. He states that in cases of 
polyploidy and abnormal reduction-division a great variation in number 
of places of exit may occur. In these cases the increase or decrease in num-
ber of chromosomes appears to run parallel with variations in size of grain 
and number of places of exit. 
The interest in the content of pollen has been mainly with reference 
to hay fever, nutrition of bees, and the functioning of the pollen in fer-
tilization. Most attention has been given to the starch, sugar, protein, and 
fat content of pollen. 
Paton ( 1921), the first investigator to give much attention to pollen 
enzymes, identified eleven different enzymes in the eighteen species of pollen 
examined. Anderson's (1923) analysis of corn pollen shows a wide range 
in both minerals and organic constituents. 
Sipe ( 1923) examined the pollen of 67 species distributed among 26 
families. Starch was present in 14, sugar in 4, fat in 36, and protein in 
35 of the 67 species. He found three germ pores usually present and 
shapes of pollen spherical, ellipsoidal, cylindrical, five-sided, and triangular. 
Range in diameter runs from 21 to 130 microns. He made his measure-
ments in water mounts. He reports protein present in the pollen of four 
of the seven legumes included. 
Hoffman (1925) gives the diameter and describes the shape and sur-
face markings of four species from the genus Trifolium, two from the 
genus Melilotus, two from the genus Medicago, and one from the genus 
Baptisia. He mounted in both water and honey. In water their shape 
was spherical, subspherical or ellipsoidal. He notes the distinct reticu-
lations on pollen of Trif olium pratense but not on the other species. 
According to Hayden and Martin (1930) starch is generally present 
in abundance in pollen of vernal flowering trees. Martin found it present 
in all of the 15 species studied. Protein was also present in 12 of the 15 
species. Hayden (1930) in another paper describes the pollen of Melilotus 
alba, M. officinalis, Phaseolus multifl,orus, Trif olium agrarium, and T. 
repens. In each there are three germ pores and in all, excepting Phaseolus 
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rnultifiorif,.8, the pores are described with lids. No surface configurations 
are mentioned other than germ pores. 
MATERIAL AND METHODS 
The pollen in all cases was taken from freshly opened flowers and from 
anthers shortly before or soon after they had dchisced. The object was to 
examine the pollen at the stage of maturity in which it reaches the stigma 
or is carried away to storage by bees. Pollen grains, especially in respect 
to content, commonly undergo marked changes during the late stages of 
their development. The most conspicuous of these changes is the disappear-
ance of the starch which is so commonly abundant in the pollen of most 
plants a few days before dehiscence. 
Immature pollen grains of most, if not all, of the species of Legu-
minosae examined contain starch which usually disappears before the pollen 
is dehisced. Consequently, comparisons of pollen grains in respect to con-
tent are not of much value unless the pollen grains compared are similar 
in stages of development. 
Another very important factor that must be considered in examining 
pollen is the mounting medium. When pollen is exposed to the air it loses 
water rapidly and in thin-walled pollen the wall folds inward and the 
shape and size of the pollen are decidedly changed. Pollen that is spherical 
when turgid becomes ellipsoidal when shrivelled. The diameter parallel 
with the folds lengthens while the diameter at right angles to the folds short-
ens. The shape and dimensions of pollen are comparable only when they 
pertain to pollen in similar states of expansion. This makes the question 
of the mounting medium an important one. 
There is a difference of opinion as to what should be regarded as the 
natural or normal condition of the pollen, the shrivelled or turgid con-
dition. Pope (1925), Ferguson (1932), and a number of others made their 
observations on dry pollen, considering the shrunken condition more nearly 
natural than the turgid state. Wodehouse ( 1926) reports that the pollen 
of some Compositae arc shrunken when shed from the anther and is in-
clined to regard neither condition as more nearly natural than the other. 
He found the turgid condition more favorable for revealing surface mark-
ings. He states that pollen grains should be observed in both dry and 
moist conditions but that the detailed studies should always be made on 
moist and fully expanded grains. Sipe ( 1923), Hoffman ( 1925), Hayden 
(1930) and others used water alone or as one among other mounting media. 
In this discussion descriptions of shape and measurements pertain to 
fully expanded pollen. 'rhe expanded turgid condition is characteristic 
of pollen when it is functioning on the stigma and of active cells in general. 
In view of this fact the turgid condition is regarded as the more nearly 
normal one. For the study of shape and size the pollen was mounted in 
distilled water. The pollen of all the species responded quickly and be-
came fully expanded in less than a minute and usually in a few seconds. 
Another feature that has a bearing upon the reliability of measure-
ments pertains to the stretching of the exine. If the exine is elastic, dimen-
sions of pollen will vary somewhat with the length of time the pollen is 
permitted to absorb water. To obtain data pertaining to this question, 
measurements were made of pollen on stigmas and at intervals over a 
period of time in water mounts. Freshly pollinated stigmas of Trif olium 
pratense, Medicago sativa, and Melilotus alba were mounted dry and the 
turgid pollen measured. The dimensions were in accord with those ob-
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tained on water mounts. Measurements made in water mounts at intervals 
over a period of three minutes showed that the pollen attains a constancy 
in size soon after moisture is available, usually in a few seconds. These 
facts show that the exine is inelastic and cons,equently size of pollen does 
not vary to a.ny extent after a certain degree of expansion is attained. 
The diameters were measured with an ocular micrometer. The measure-
ments were so made as to exclude the bulging at germ pores due to the 
high turgor pressure the protoplasm attains in water. The size of grains 
of each species is recorded in terms of range and greatest frequency, both 
of which are based upon fifty to several hundred measurements. In a num-
ber of species the estimates are based upon measurements made through 
a number of years. Both the ranges and frequencies are only roughly 
approximated. The comparatively wide range of variation in size of pollen 
in all the species, as the table shows, makes it difficult to arrive at state-
ments of size that are reliably descriptive of the pollen of each species. 
The dimensions are of value where differences are large enough that there 
is little overlapping of dimension between species. The statement of range 
is somewhat misleading, because in most species there is a wide variation 
only when the few extremes are taken into consideration. The majority 
of pollen in most species range in size closely around the greatest frequency 
recorded. In two species, where there are two groups of pollen as to size, 
range, and frequencies for each group were estimated. 
The furrows, germ pores, ridges of the reticulations and other surface 
markings were sufficiently distinct after treating the pollen with twenty 
per cent sodium hydroxide followed by methylene blue. Nigrosin was used 
occasionally for the staining of germ pores. The pollen was imbedded, 
either in gum arabic or paraffin, and sectioned when sectional views of the 
wall were required. 
In identifying the substances in the content of the pollen the follow-
ing reagents were used in making the tests: IKI for starch; Fluckiger 's 
reagent for sugar; the Biuret reaction, eosin, and Millon 's reagent for pro-
tein; and Sudan III for fat-like substances. 
DESCRIPTION OF THE POLLEN OF THE LEGUMINOSAE 
SHAPE, SIZE AND STRUCTURAL FEATURES 
Shape. The prevailing shapes of pollen in the 41 species of Legumin-
soae are globose and spherical. In the genera Vicia, Melilotus, Petalos-
temum and Pisum the pollen is ellipsoidal. The ellipsoidal shape is most 
pronounced in the genera Vicia and Petalostemum. In Gymnocladus dioic~ 
and Glediitsia triacanthos the pollen is noticeably flattened. Although 
there is considerable variation in shape even in the same anther, distinctive 
shapes, like ellipsoidal and spherical, are quite constant and decidedly 
characteristic of the species where they occur. 
Size. The pollen varies from a greatest frequency of 18 to 72 microns 
in the 41 species. Small pollen is particularly characteristic of Baptisia 
austmlis and Swainsona galegif olu.t. Large pollen is characteristic of 
Desmodium canadense, Apios tuberosa, Dolichos Lablab, Phaseolus vulgaris, 
and Str()phostyles helvola. In the majority of the species the greatest 
frequency in diameter is between 35 and 55 microns. In range of dimen-
sions there is much overlapping between species. Only in a few cases, 
as in Baptisia australis and Swainsonia galegif olia, are the dimensions dis-
tinctive. In a number of species two types of pollen, large and small, are 
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present. This is particularly noticeable in Desmodium canadense, and D. 
grandiflorum. 
Thickness of wall. The pollen of all species examined, excepting Apios 
tuberosa, have thin walls-in most species not more than one micron in 
thickness. In Apios tuberosa the thickness of the wall is near five microns 
or close to five times the thickness of the wall in other species, thus being 
a notable exception. Pope ( 1925), in a general discussion of pollen walls, 
states that all spherical pollen grains have exines more than three microns 
thick and in most cases eight to ten microns thick. When compared with 
these figures it is evident that the pollen of the Leguminosae investigated, 
with one exception, is characterized by exceptionally thin walls. The thin-
ness of the wall accounts for its flexibility and the ease with which it folds 
or expands when the pollen loses or gains moisture. 
Layers. The pollen-wall in all the species examined is two-layered, 
consisting of exine and intine as shown in text figure 1. The exine has 
an outer thin portion, previously referred to as perine, which constitutes 
a continuous covering over the grain. When broken at germ pores by the 
swelling of the thickened intine, fragments are often visible clinging to 
the edge of the pore. The inner portion of the exine is much thicker in most 
places than the outer layer. It is considerably reduced in thickness in the 
furrows and is omitted at the germ pores, leaving an opening into which 
the thickened intine intrudes. In sectional views of the pollen-wall of 
Trifoliiim pratense, where the reticulations are most prominent, the ridges 
show plainly as elevations of the exine. The intine is relatively thin except 
at germ pores. Here it is thickened with additional pectic substances. 
Three germinal fiirrows characterize the pollen of all the species. 
They appear as elongated, narrow, smooth areas differing in length and 
width in different species. In some species, notably in Petalostemum pur-
pureiim, Vicia Americana, and V. villosa, the furrows are very narrow 
(text fig. 5). In some species, as in Trifolium pratense and Melilotus alba, 
the furrows are almost as wide as the germ pore (text figs. 2 and 3). 
Each furrow midway of its length contains a germ pore. The furrows are 
equally distant from each other and extend at right angles to the circum-
ference upon which the germ pores are located. In Trif olium pratense 
(text fig. 2) a high magnification shows that they are delimited by definite 
margins. In none of the species do they extend the full length of the grain 
but leave at the ends of the pollen an uninvaded area variable in size ac-
cording to length of furrows and recognizable by the uniformity in ap-
pearance of its surface (text fig. 4). 
In all these characters of the furrows, as shown by the limited ob-
servations, the pollen of most species show remarkable constancy. The 
most irregularity was noted in the genus, Phaseolus, where in some mounts 
many pollen grains had no furrows or very obscure ones. Pollen character-
ized by three furrows, a persistent feature throughout the 41 species, is 
described as tricolpate pollen by Wodehouse ( 1928). 
The germ pores are uniform in structure throughout the species. They 
are simple in type; possessing no lids, plugs, etc. (text fig. 1). In some 
species they are comparatively large and in others small. They are pre-
vailingly circular but elliptical, rectangular, and much elongated shapes 
were observed in different species. The number of germ pores is almost 
invariably three throughout the species observed. In Amphicarpa monoica, 
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the only exception noted, three is the prevailing number of pores, but 
higher numbers are common. 
Reticulations characterize the surface of the pollen not occupied by 
the furrows. They consist of a system of anastomosing ridges that divide 
the surface into areas or lacunae. The ridges vary much in height in dif-
ferent species. In Trif olium pratense they are so prominent as to be seen 
with low magnification when properly stained, but in most species a high 
magnification is required (text fig. 2). The distinctness of the reticulations 
depends much upon the height of the ridges. When the ridges are only 
very slight elevations then the reticulations are obscure. In a few species, 
3 
4 
G.P. 
G.r. 
5 
G.F. 
G.P. 
Figs. 1·5. 1, Sectional view through the wall of a pollen grain of TrifoU!um pratense, 
showing structural f eatures typical of leguminous pollen. Wall is two-layered, consist· 
ing of intine (I) and exine, and latter being composed of an inner cutinized portion (E) 
interrupted at the germ pores, and an outer thin non-cutinized layer (P) that is con-
tinuous over the germ pores. The germ pore ( G.P) consists of opening in inner layer 
of exine, a lens-shaped thickened portion of intine occupying the opening in the exine, 
and the outer portion of exine covering the pore. 2, surface view of pollen of Trifoli'lllm 
pratense, showing the wide furrows (G.F) and prominent reticulations (B) on portions 
of the wall not occupied by furrows. 3, surface view of pollen of Melilotus alba show-
ing wide germ furrow (G.F.) and lacunae of reticulation pore-like in size. 4, polar view 
of a pollen grain of TrifolVU/m pratense showing the three germ pores ( G.P.) and the 
uninvaded areas at poles, two features characteristic of leguminous pollen. 5, pollen of 
Vici.a americana showing the narrow furrows (G.F.). 
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in which pollen is described as i:<mooth, they are exceedingly obscure or 
absent. 
The lacunae vary much in size and shape in different species. In most 
species they are angular, ranging from triangles to polygons of many sides 
with triangles, rectangles, octagons, and hexagons prevailing. When the 
lacunae are exceedingly small, as in Melilotus alba (text fig. 3), they are 
pore-like in appearance and the wall is described as perforated or punctate. 
All gradations from large angular lacunae, as those characteristic of the 
pollen of Trifoliitrn pratense, down to pores so fine that they are barely 
visible were observed in these 41 species of Leguminosae. 
The general presence of reticulations and their variation in prominence 
throughout the species suggest that in the few species with apparently 
smooth walls, the reticulations may be only reduced below visibility. 
A characteristic feature of the ridges is their smoothness. In Petalos-
temmn pnrpurewm the ridges of some of the pollen grains are sparsely 
adorned with short blunt spines and in the genus Phaseolus there is 
branching of walls and incomplete anastomosing. In all other species the 
ridges are not crowned with adornments of any kind and form smooth 
walls about the lacunae. 
The reticulations, despite their variations in their many features, are 
fairly constant however in range and type of variations in the different 
species. 
This type of reticulation, viz., with ridges bearing no spines or other 
adornments, Wodehouse (1928) calls psilophate. According to his ter-
minology the species of Leguminosae mentioned in this discussion are 
characterized by a trioolpate psiloplwte pollen. The pollen of Trifolium 
pratense is illustrative of this type (text figs. 2 and 4). 
CONTENT 
Starch was found abundant in eight species and in slight amounts 
in a few other species. In some cases it is generally distributed among 
the grains but more commonly it is abundant in some grains and absent 
in others. The small pollen grains from an anther are more apt to contain 
starch-probably an indication of immaturity. In general the ripe pollen 
of these species is characterized by an absence of starch. 
Sugar was found only in traces in a few species, and has no importance 
as an element of diet. 
P~otein is present in considerable amounts in the pollen of all species 
except in that of Gymnocladus dioica. These species of the Leguminosae 
are characterized by the dominance of protein in their pollen. 
Fat-like substances are present in the pollen of a number of genera. 
In the genera Trifolium and Medicago where they are most prominent they 
may be an important element in the diet of bees. 
DISCUSSION 
This investigation included 26 of the 51 genera of Leguminosae given 
in Gray's Manual. In most of the genera, the pollen of only one species 
was studied and in no genus more than three. The view presented is, there-
fore little more than a cross-sectional view of half the genera of the Legu-min~sae. The pollen characters of genera not included and the variations 
TABLE OF DESORIPTIONS OF POLLEN* 
Diameter in microns Content Surface 
Furrows Finer 
Greatest and wall 
Name of Plant Shape Range frequency Starch Sugar Protein Fat germ pores markings 
CAESALPINIOIDEAE 
greatest 
Gymnoclad!us dioioa diameter reticulations 
Koch biscuit 30-50 40 much none none none 3 indistinct 
much 
longest in 
diameter small finely 
GleditsU! triaoanthos L. lens 30-45 40 grains " some some 3 reticulated 
3 
furrows 
CassU! Clzamaecrista L. spherical 33-50 43 none " " none long " 
3 
furrows finely 
C. marikindi-Oa L. " 40-60 50-60 much trace " " short pitted 
slightly finely 
Cerois canadensis L. angled 24-30 28 " some present " 3 pitted 
PAPILIONOIDEAE 
furrows 
Baptisia leucantha T. & G. spherical 20-28 25 none none much " short smooth 
3 
pores finely 
B. ai£Stralis R. Br. " 15-22 18 " " " II elliptical reticulated 
30-35 3 
nearly to furrows 
Crotalaria spectabilis Roth spherical 40x45 32x43 " " " " narrow pitted 
37x40 3 
to furrows 
C. rett£Sa L. " 40x45 38x42 " " some " short " 
3 
slightly furrows 
Lupirl!Us Hartwegii Lindl. lobed 35-45 38 " " much " large reticulate 
longest 3 
nearly diameter furrows reticulations 
Trifolflwm pratense L. spherical 40-60 48x50 " trace " some long prominent 
Table of descriptions of pollen* (continued). 
Diameter in microns Content Surface 
Furrows Finer 
Greatest and wall 
Name of Plant Shape Range frequency Starch Sugar Protein Fat germ pores markings 
21x27 to finely 
T. hybridum L. ellipsoidal 33x38 27x33 none trace much some 3 reticulated 
nearly 32x33 to 
T. repens L. spherical 38x39 36x37 II II " none 3 # 
24x30 to 
Melilotus alba Desr. ellipsoidal 28x35 27x32 II none some II 3 II 
24x28 to 
M. officinali-s L. H 28x36 28x34 II II II II 3 " 
Medicago satwa L. spherical 31-44 36 II 
indistinctly 
II much II 3 reticulated 
flattened 
M. lupulina L. to spherical 24x30 II some some some 3 II 
Psoralea argophylla Pursh. spherical 20-50 40 II II II II 3 reticulated 
furrows 
Amorpha oanescens Pursh. II 44-50 47 much none II none long pitted 
A. frutioosa L. II 21-50 40-45 none II II II 3 smooth 
3 
Petalostemum purpureum furrows ridges with 
(Vent.) Rydb. ellipsoidal 33x50 II II II some long spines 
nearly 
Robinia Pseudo-Acacia L. spherical 23-32 30 II II II trace 3 smooth 
slightly 23x27 to 
Astragalus canadensis L. flattened 33x45 24x32 II II II none 3 " 
3 an.geld of large 
Desmodium oanadense andspher- 45-50 pollen 
L.D.C. ical 55-70 65 much trace II II 3 " 
D. grandiflorum finely 
(Walt.2 D. C. S£herical 2 sizes 33 and 45 some none II II 3 reticulated 
Table of descriptions of pollen* (continued). 
Diameter in microns Content Surface 
. Furrows Finer 
Greatest and wall 
Name of Plant Shape Range frequency Starch Sugar Protein Fat germ pores markings 
Lespedeza striata nearly :finely 
(Thumb.) H. & A. spherical 35-45 40 much none some none 3 reticulated 
L. capitata Michx. spherical 27-47 40 none " much some 3 pitted 
27x45 to :finely 
Vicia villosa Roth. ellipsoidal 33x55 30x48 " " " none 3 reticulated 
27x45 to 
V. americana Muhl. " 33x55 30x48 " trace " " 3 " 
Piswm sativum L. " 30x38 " none " " 3 
,, 
3 
furrows reticulated 
long and uniform 
Tuthyrus oiloratus L. spherical 36-54 50 " trace " " narrow lacunae 
I 
reticulated 
lacunae 
Phaseolus coccineus L. " 45-57 54 much " trace 
,, 3 irregular 
P. V~blgari-s L. " 45-55 45 some none some 
,, 3 ,, 
nearly 
P. limensis Macf. spherical 35-50 43 much " much " 3 " 
3 
furrows 
Strophostyles helvola L. spherical 42-57 50 none " some " short " 
Apios tuberosa Moench. 
" 50-72 60 " trace much " 3 pitted 
reticulations 
Glycine max Merr. " 24-27 25 " none some 
,, 3 obscure 
Swainsona galegifolia finely 
R. Br. " 12-21 18 " " " " 3 reticulated 
furrows 
Dolichos Lablab L. " 45-60 50-54 some some much " obscure 
,, 
Amphicarpa monoica 3-many 
L. Ell. II 24-50 36 none none " II usually 3 pitted 
* Sequence and names of species follow Gray's Manual, 7th Edition, and Bailey's Manual of Cultivated Plants. 
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in pollen features among the species of all the genera remain to be in-
vestigated. In the genera so far covered there are a number of persistent 
pollen characters that may have some significance. 
The tricolpate character, so characteristic of the pollen of the Legu-
minosae described in this article, is common to many other families. Fischer 
alone reported it in about 1350 species of Dicotyledons. In accounting 
for the number and arrangement of furrows and germ pores both W ode-
house (1929) and Tammes (1930) go back to meiosis and attempt to show 
that these features are determined by the direction of the nuclear divisions 
and the method of wall formation. 
Tammes illustrates nine types of arrangements the members of a 
tetrad may have. When no walls are formed until after the homeotypic 
divisions are performed and the two homeotypic divisions are at right angles 
to each other, the members of the tetrad have the tetrahedral arrange-
ment and three points of contact. The reports of Farr ( 1915) and other 
cytologists show that the method of quadripartition by furrowing and the 
tetrahedral arrangement of the tetrad members are common in the Dicot-
yledons. In the genera, Lathyrus, 1'rif olium, Me4ioago, and Meliwtus 
of the Leguminosae, meiosis has been followed and found to be of this type. 
The tetrahedral arrangement, in providing the three points of con-
tact between the members of the tetrad, insures the tricolpate character, 
for according to Wodehouse and Tammes each contact point or area locates 
a furrow and germ pore. Among other evidences which support his ex-
planation, Wodehouse refers to the Ericaceae where the tetrads remain 
firmly united. Here the three furrows of each member are contiguous and 
continuous with those of its three neighbors. Also at the center of contact 
each of the furrows contains a germ pore. If this explanation of the tri-
colpate character is accepted, it follows that there is a remarkable uniform-
ity in type of meiosis throughout the 41 species of Leguminosae. 
A direct correlation between size, number of chromosomes, and number 
of germ pores has been reported in a number of plants. In the genus 
Fuchsia species with 22 chromosomes produce pollen with two germ pores, 
while species with 44 chromosomes produce pollen with three or four germ 
pores. Similarly in the genera Solanum, Oenothera, Epilobium and others 
where there are variations in number of chromosomes with accompanying 
differences in size of pollen, the tendency of the number of germ pores to 
vary with size of pollen has been reported. Tammes concludes from his 
investigations that the proportion between size of pollen and the number 
of places of exit is genetically determined and that a great variation in 
the number of places of exit especially comes about in such cases wher~ 
factors are present which greatly influence the size of the pollen, as fnr 
instance a change in the number of chromosomes or a difference in size 
of pollen in heterostylism. 
In the Leguminosae included in this investigation, no tendency in num-
ber of furrows or germ pores to vary with size of pollen or number of 
chromosomes was observed. The variations in diameter of greatest fre-
quency range from 18 to 72 microns in the different species. Through this 
wide range in size of pollen the number of furrows and germ pores remains 
constant. In the same species where the range in size in some cases is quite 
marked, as for instance, in the genus Desmodium where there are two dis-
tinct sizes of pollen, the number of furrows and germ pores is constant. 
The number of chromosomes in a number of the species is known. 
They range from 12 in the genus Cassia to 44-46 in the genus Lupinus. 
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The diploid numbers most common are 14 and 16. In the genera Vicia, 
Lathyrus, and Pisum 14 prevails while in the genera Trifolium, Medicago, 
and Melilotus the diploid number is 16. In the species of Phaseolus 22 
and in Glycine Max 38 are the diploid numbers. Thus it is seen that there 
is considerable range in number of chromosomes presented by the different 
species with no apparent influence upon the number of furrows or germ 
pores as reported in some genera of other families. The persistence of the 
tricolpate character through a wide range in size and number of chromo-
somes of the pollen of the Leguminosae favors the view that this character 
is haptotypic, depending upon the influences the members of the tetrads 
exert upon each other. 
The finer wall markings which are the characters considered of most 
diagnostic value are of the reticulate type with smooth ridges. In promi-
nence of ridges, size and shape of lacunae, there are characteristic differ-
ences which may prove to be of much value in identifying genera and 
species. .As the table shows the types of reticulations, as for instance pitted 
or finely reticulated, are common to a number of species and genera. The 
pollen grains of most of the species are distinguished only by a combina-
tion of all the pollen characters. 
SUMMARY 
The pollen grains of 41 species distributed among 26 genera of the 
Leguminosae are described as to morphological features and content. 
The prevailing shape is globose to spherical. 
The size in diameter ranges from 18 to 72 microns with the diameter 
of the majority falling within the range 35-55 microns. 
The wall is two-layered, consisting of both exine and intine. 
Germ pores are simple in type. 
Three furrows equidistant and each containing a germ pore character-
ize the pollen of all the species. 
The furrows run at right angles to the circumference upon which the 
germ pores are located. 
There is no correlation between number and arrangement of furrows 
and the size or number of chromosomes of the pollen. 
The characteristic finer markings are the reticulations which adorn 
the surface not occupied by the furrows. 
In regard to the content protein or protein constituents are dominant. 
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